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HYDATID DISEASE AS IT AFFECTS THE THORACIC SURGEON 
M. P. Susman, F.R.C.S. (ENG.) (BY INVITATION) 
SYDNEY, AUSTRALIA 


YDATID disease is due to the development in man of the eystie (larval) 

stage of the tapeworm taenia echinococeus. The adult stage is passed in 
the intestine of the dog or of a member of the dog tribe (dingo, jackal, wolf), 
and the cystie stage generally occurs in one of the herbivorous animals (sheep, 
ox, pig) or in man. An infected dog passes thousands of ova in the feces and 
these are swallowed by the intermediate host in contaminated water or food and 
are carried in the blood stream to various organs where they develop into hydatid 
cysts. Man can be infected in the same way, but more frequently he con- 
taminates his fingers by handling a dog and then takes his food without washing 
his hands. Dogs become repeatedly infected by being fed with the cyst-bearing 
offal of the intermediate host. Each mature cyst generally contains thousands 
of seolices (tape worm heads) which grow into adult worms in the dog’s gut, 
and so the cycle repeats itself indefinitely. It is obvious that the disease can be 
prevented by two simple measures: first, dogs should not be allowed to eat in- 
fected offal, and second, human beings should always wash their hands after 
handling dogs. But so far all efforts by education and exhortation have failed 
to eliminate hydatid disease and this makes one wonder what hope there is of 
preventing the more widespread and comp!ex infection with the tuberele bacillus. 

The incidence of hydatid disease in man runs parallel to the incidence of 
infestation of the dog and sheep; the other possible definitive and intermediate 
hosts play little or no part in the spread of the disease to man. 

Unfortunately, this parasite, like some of its biologic betters, may lead a 
double life. The scolex which, as explained above, normally depends for its 
continued existence on reaching the final host, has the power in certain cir- 
cumstances of becoming a cyst itself in the intermediate host. There may be a 
natural tendency for this to oceur at some time in a normal eyst, but it usually 
happens only if the mother cyst is injured; scolices are set free and they grow 
into daughter cysts within the confines of the mother cyst or in any tissue or 
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organ that they reach by direct implantation or by the blood stream. Cysts 
which develop from ova are called primary eysts, and cysts that develop from 
seolices are called secondary eysts. The essential difference between them is 
that primary cysts develop from eggs passed by the final host, and secondary 
cysts develop in the intermediate host direct from scolices that pass no part 
of their life in the final host. 


Scheme of the Life History of the Parasite 
Taenia echinococcus in definitive 


host, usually the dog 
ee, y 2 Secondary, or 


| t Fs daughter cysts, in 
J | intermediate host, 
Ova Seolices without passing 

| (Tape worm heads) — definitive 


Primary hydatid cyst in intermediate host, 
usually man or sheep 


Daughter cysts are exact replicas of their mother; they all consist of two 
layers, the ectocyst or laminated membrane and the endocyst or germinal layer. 
The ectocyst is made of successive layers of elastic hyalin derived from the 
endocyst. From the inner face of the endoeyst which has a fine, nucleated struec- 
ture, grow the brood capsules with their scolices; this layer also secretes the 
watery fluid which is characteristic of the hydatid cyst. The parasite provokes 
a local reaction around itself, and the host responds by laying down a fibrous 
barrier called the pericyst or adventitia, which tends to become thicker and 
tougher with age. It has no organie connection with the eyst itself. 


There is still some confusion about the use of these terms and it is essential 
to note that the adventitia or pericyst is part of the host and that the ectocyst, 
endoeyst, the enclosed fluid, and live elements make up the parasite. A eyst is 
deseribed as simple when it still retains its original virginal state, and com- 
plicated when it has suffered injury, rupture, and infection. 

Certain biologic features influence the incidence of the disease and its 
distribution in different organs: 

1. The ova are hardy and resistant; the secolices are delicate and labile. In 
practical terms this means that the intermediate host may become infected long 
after the ova have been excreted by the dog; but the dog will become infected 
only if he eats the scolex-bearing eysts while they are still fresh and unruptured. 

2. Only a small percentage of human beings, dogs, and sheep are susceptible 
to infection. 

3. Many ova that reach the intermediate host fail to develop into cysts and 
many eysts abort at an early stage. 

4. The distribution of cysts in the body varies from country to country 
and from species to species. In Australia and New Zealand about 23 per cent 
of the cysts in human beings occur in the lungs; in Iceland the percentage 
given by Icelandic investigators is only 1.5 per cent. Cattle have proportion- 
ately more pulmonary cysts than sheep, and pigs have fewer. Cysts are rare 
in the horse, and a very high percentage of them occur in the liver. 
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5. The parasite may die at any time for no apparent reason, or as the result 
of rupture or pyogenic infection. It may become a ecaseous mass very like a 
tuberculous focus. 

6. The rate of growth of these cysts is not known. It has often been said 
that most patients become infected in childhood although the disease may not 
be diagnosed until adult life. But radiology has shown that a hydatid eyst 
may become apparent in a matter of months; if infection did actually oceur in 
childhood in these persons, then for many years the cysts were too small to cast 
an appreciable shadow and then they suddenly took on rapid growth. Further- 
more daughter cysts may appear in radiograms taken during the first vear after 
rupture of a mother cyst. It is probable that primary and secondary cysts 
have different rates of growth and the rate of growth varies from animal to 
animal, as well as in the same animal. 

7. It is not known when and where the ova hatch out. But we do 
know that the embryos enter the portal circulation and that explains why most 
hydatid eysts are found in the liver. One or more embryos may pass through 
the liver and reach the lungs which are the second most frequent site of cysts. 
Again some embryos pass through the lungs and enter the general circulation. 
Thus cysts may develop in any part of the body, but the total number in other 
organs and tissues is much less than the number in the lungs and liver. Cysts 
in different parts frequently coexist. 

8. Hydatid eysts grow by quiet pressure necrosis of surrounding structures 


and any tissue may become seriously eroded, including bones and blood vessels. 


DIAGNOSIS 


Simple cysts are usually latent and may only be discovered by the finding 
of a swelling, or by routine radiography of the lungs. Sometimes there may 
be symptoms from pressure, but as a rule symptoms are due to the anaphylactie, 
mechanical, and infective sequels of rupture of the cyst. After its rupture a 
hydatid may mimie many other conditions; for example, a ruptured cyst of the 
lung may be mistaken for neoplasm, tuberculosis, and other infections; and a 
ruptured cyst of the liver is often mistaken for cholelithiasis or one of the 
various types of jaundice. If the possibility of hydatid disease is remembered 
the diagnosis can often be made by certain tests and examinations and by 
correctly interpreting anaphylactic phenomena. 


ANAPHYLAXIS 


Anaphylaxis is responsible for most of the alarming symptoms that follow 
rupture of a hydatid cyst; it is due to the absorption of hydatid antigen in a 
person who has been already sensitized by the small dose that he receives dur- 
ing the development of the cyst. The patient may be so sensitive that even the 
small amount of antigen used for the Casoni test may produce alarming symp- 
toms. These symptoms are very variable and only rareky do all possible ones 
appear in the one patient: Cutaneous (rashes, itchiness, and sweating), Alimen- 
tary (vomiting, diarrhea, and colic), Respiratory (asthmatie attack, cyanosis, 
edema of the lungs, and glottis), Cardiovascular (pallor, tachyeardia, and 
collapse), and Nervous (pyrexia, fits, delirium, and coma). 
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It is important to remember that even in severe cases there may be no 
telltale rash. Recovery is the rule but there may be a repetition following fresh 
rupture or operation. The anaphylactic symptoms may be so slight that they 
are overlooked or forgotten and the patient presents with the mechanical or 
infective sequels to the rupture, or perhaps only still later with evidence of 
daughter cyst formation. 


SPECIAL EXAMINATIONS AND TESTS 


1. If a eyst ruptures into the bronchial tree hydatid elements may be found 
in the sputum. If it ruptures into the biliary tract, hydatid material may 
be recovered from the feces or from duodenal washings, and if it ruptures 
into the urinary tract, the material may be found in the urine. A suspected 
eyst should never be deliberately punctured because of the risk of spread and 
of anaphylaxis, but if a puncture is made in error, advantage should be taken 
of it and the fluid should be examined. If a pulmonary cyst has ruptured into 
the pleural cavity, hydatid elements may be recovered from the aspirated fluid. 

2. Differential white cell count of the blood. Eosinophilia is found in about 
half the patients before operation. It has no direct diagnostic value, but it is 
suggestive in a suspected case when other common causes of eosinophilia are 
excluded. 

3. Casoni intradermal test.* This is a test for anaphylaxis, the test being 
positive in a patient who has been sensitized to the hydatid antigen. The reagent 
is pooled hydatid fluid from uncomplicated cysts of sheep. Immediate and 
delayed reactions are looked for: 


a. An immediate reaction is of value only before the first operation, and it 
oceurs in about 75 per cent of patients with uncomplicated cysts and 92 per cent 
with complicated cysts. 

b. Failure to react practically excludes a ruptured or suppurating cyst 
and means an absence of any cyst in 95 per cent. 

e. A positive reaction may persist for years after operation without fresh 
infestation; a negative test after operation usually signifies a cure. 

d. An immediate positive reaction does not certainly mean hydatid disease, 
as it may oceur in certain skin diseases, allergic states, and other helminthic in- 
fections. 

e. The delayed reaction occurs in only one-quarter to one-half of patients 
before operation, but it is practically diagnostic. It is of no value in the 
diagnosis of recurrent or residual cysts. 

4. Complement fixation test. This is a specific test for antibodies and is 
positive in 50 to 60 per cent of patients before their first operation and in about 
the same percentage of patients with recurrent or residual cysts a year or more 
after operation. The pathologie state of the cyst influences the result of this 
test : 

a. With uncomplicated cysts it is more often absent than present. 

b. It is almost always positive within a month of rupture or infection, but 
may become negative within two months of these complications. 


*The figures given here are based on Dew and other authors. In my experience there 
have been more negative and fewer positive results. 
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e. With early degeneration of a cyst it may be positive, but with complete 
degeneration it is negative. 

d. A high figure in a patient who has had no operation usually means 
that the cyst is complicated. 

e. A high figure nine or more months after operation is almost diagnostic 


of more cysts, and a negative result three months after operation almost cer- 
tainly spells cure. 

f. A negative result excludes recent rupture or suppuration (except when 
the eyst contains no antigen). 

5. Precipitin test. The results of this test follow closely those of the com- 
plement fixation test; it is not favored nowadays because of the difficulty of 
obtaining satisfactory antigen. 


Fig. 1. Fig. 2. 
Fig. 1.—There is one large hydatid cyst in the right lung and two smaller cysts in the 
left lung. 
Fig. 2.—The cyst has ruptured and the parasite has been expectorated, leaving an ill- 


defined opacity. This later cleared completely and it has remained clear in the ensuing seven 
years. (This is a case of probable cure by expectoration.) 


RADIOLOGIC APPEARANCES 

Pulmonary Cysts.——A well-defined, rounded, or oblong opacity in the lung 
field is characteristic of the simple uncomplicated hydatid cyst (Fig. 1). A 
similar shadow may be given by a peripheral cancer, a nerve tumor, a mediastinal 
dermoid, developmental eyst, a chronie lung abscess, diaphragmatic hernia, 
metastatic malignant deposits, or an aneurysm. When a hydatid cyst ruptures 
into a bronchus the definite regular outline is lost and there may be a blurred 
shadow that can be mistaken for a tuberculous focus, a lung abscess, or car- 
cinoma (Fig. 2). Often a more distinctive picture is given of a cavity with a 
fluid level which is broken by the top of the collapsed eyst floating in it (Fig. 3). 
Oceasionally all the fluid and some or all of the parasitic membranes will be 
expectorated and leave the cyst cavity distended with so much air that it 
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resembles a pneumothorax or a developmental lung eyst (Fig. 4). Occasionally 
calcification may be detected. If rupture oceurs into the pleural cavity the 
radiologic appearances may resemble any kind of pleural effusion. Sometimes 
the cyst is still distinguishable through or above it. An effusion is rare apart 
from rupture (Fig. 5). Bronchograms are rarely helpful and tomography has 
not vet been evaluated. 


Fig. 3. Fig. 4. 
Fig. 3.—The cyst has ruptured and there remains a pocket of air above a collection of 
fluid and collapsed membranes. 
Fig. 4.—Rupture of the cyst has left a large air-distended space. 


Hepatic Cysts—Caleification is more common in liver cysts than in lung 
eysts; it is well shown in radiograms and is practically diagnostic. In the 
absence of calcification there may be the indirect evidence of a raised, distorted, 
or partly paralyzed diaphragm (Fig. 6). If the eyst becomes infected with gas- 
forming organisms or if it ruptures into a bronchus, the x-ray appearances are 
those of a cavity with air and a fluid level. At other times rupture of an 
hepatie eyst into the lung may produce all kinds of bizarre pictures, some of 
which have been compared to a voleano in eruption (Fig. 7). A hepatie eyst, 
without directly involving the thorax, causes a pleural effusion more frequently 
than does a pulmonary cyst. <A diagnostic pneumoperitoneum may help to 
distinguish between a hepatic cyst and a pulmonary basal eyst. 

Cysts of the Heart and Pericardium.—The radiologic appearances are not 
characteristic. There will be an increase in the size of the usual heart shadow 
if the cyst is sufficiently large. If the cyst is at the periphery there will be a 
round shadow continuous with the heart shadow and under the sereen trans- 
mitted pulsation may be evident (Fig. 8). 
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COMPLICATIONS OF PULMONARY CYSTS 


A. Rupture Into a Bronchus.—Most eysts of the lung if not operated on will 
break into a bronchus by pressure necrosis. This may result in cure by expec- 
toration but often it ends in morbidity or disaster. 


mM 


he immediate sequels of 


Fig. 5. Fig. 6. 
Fig. 5.—The cyst has ruptured into the pleural cavity. There is a pyopneumothorax and 
the collapsed cyst can be seen in the lowest part of the chest. 


Fig. 6.—This'is a hepatic cyst pushing the diaphragm upward. It could be mistaken 
for a pulmonary cyst; pneumoperitoneum may help to distinguish one from the other. 


Fig. 7. Fig. 8. 

Fig. 7.—This is an hepatic cyst eroding the diaphragm. 

Fig. 8.—The right cardiophrenic angle is occupied by. a large cyst containing daughter 
cysts. At operation it was found to involve the pericardium and mediastinum. The _ other 
opacities are due to cysts in the chest wall probably growing from scolices implanted at a 
previous operation for an hepatic cyst. 
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rupture may be: a. Asphyxia from impaction of membrane in the trachea or 
larynx, or from flooding of both bronchi with the fluid from a large cyst, b. acute 
anaphylactic shock, and e. hemorrhage, which is rarely severe. 

Later results are: a. Retention of all or some of the membrane, fluid only 
being coughed up. This fluid may later have an orange-yellow color, which is a 
diagnostic pointer (Fig. 3). b. Infection of the cyst space, often associated with 
recurrent hemoptyses. e¢. Development of daughter cysts in one or both lungs 
from scolices that were dispersed through the bronchi at the time of rupture 
(Figs. 9 and 10). d. Development of daughter cysts in the original cyst space. 
e. Distension of the cyst space into an air eyst (Fig. 4). 

Sometimes the rupture is little more than a small leak; this may close and 
the life of the parasite continue unchanged. 


Fig. 10. 

Fig. 9.—Here is a ruptured cyst of the left upper lobe. The collapsed membranes are 
at the bottom and a large air space is above them. All the fluid was expelled. 

Fig. 10.—This radiogram was taken one and one-half years after operation on the 
cyst shown in Fig. 9. Three simple cysts are well seen (four were found at operation). 
They are almost certainly daughter cysts due to the intrabronchial spread of scolices. She has 
since coughed up another. 

B. Rupture Into the Pleural Cavity.—The sequels of this event are: a. 
Pneumothorax, b. Empyema or pyothorax, and ¢. Development of daughter cysts 
from the spilt scolices. 

Immediate operation may prevent the last two complications, but often 
the patient does not come to surgery until one or both are already present. If 
infection occurs early all the seolices may die and so there will be no daughter 
eysts. If infection is delayed, daughter cysts may have already developed and 
they continue to live, in spite of the sepsis. The diagnosis of intrapleural 
rupture is often missed at first and may not be made until examination of 
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aspirated fluid reveals hooklets and many eosinophils. Sometimes the cyst 
fails to rupture when the pericyst gives way and the intact parasite continues 
to thrive in the pleural cavity, acquiring a new pericyst in time. 

C. Rupture Into the Vascular System.—Rupture of a pulmonary eyst into 
the pericardium, heart or pulmonary vessel is rare. The results of intravascular 
rupture of a hydatid cyst are described later. 


OPERATIVE TREATMENT OF PULMONARY HYDATID CYSTS 

Every hydatid eyst in the lung should be removed unless there is some good 
reason for advising against operation. The present operative mortality lies 
between 1 and 2 per cent, and the risk is less with small and simple cysts than 
with large or complicated eysts. It is true that a natural cure may follow 
rupture into a bronchus and expectoration of the cyst, but the dangers attending 
this rupture are, as already stated, too great to justify waiting. There are also 
the dangers of rupture into the pleural cavity and vascular system. For these 
reasons operation should be advised as soon as the diagnosis is made. 

The objects of operation are: 

(1) Complete removal of the eyst, (2) avoidance of soiling and infection, 
(3) obliteration of the space which the cyst occupied and closure of bronchial 
fistulas, and (4) prompt re-expansion of the lung. 

The types of operation are: 1. Conservative. Removal of the parasite 


alone, or with the pericyst (adventitia). 2. Radical. Resection of the lung 
or part of the lung. 

Conservative surgery suffices for almost all simple cysts and for most com- 
plicated cysts. Radical surgery may be necessary for a simple cyst if serious 
hemorrhage occurs during a conservative operation, or if it has replaced most 
of the lobe (giant eyst )—a doubtful indication. 


Radical surgery may be required for a complicated cyst for recurrent 
hemoptysis, for gross sepsis in and around the eyst, and for troublesome bron- 
chiectasis. 

In practice, I have personally never done a radical operation for a simple 
eyst, and I have done it only three times for a complicated cyst, each time 
because of recurrent hemorrhage. Radical surgery is justified if the diagnosis 
is uncertain and the surgeon knows only that there is an undetermined radio- 
logie opacity and a ‘‘lump’’ in the lung. Radical surgery by resection will not 
be discussed in detail as it is the standard dissection operation, but it may be 
unusually tedious because of dense adhesions. Pneumonectomy will be rarely 
required, and at the most only lobectomy should be called for. Conservative 
operations merit further discussion. 


CONSERVATIVE OPERATIONS FOR HYDATID CYSTS OF LUNG 


Simple Cysts.— 
1. Removal of the parasite alone. This may be achieved in two ways: 
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a. Removal After Aspiration. The eyst is exposed through a compara- 
tively small incision if it is adherent to the chest wall and has been correctly 
localized, or through a wide thoracotomy if it is not adherent, or not easily 
accessible. The advantages of operating through an adherent zone are that there 
is no risk of pleural soiling and there is no pneumothorax to be dealt with. But 
a free thoracotomy is so safe nowadays that it should be used without hesitation 
if it is necessary or helpful. The eyst is carefully isolated from surrounding 
structures and a medium bore needle connected to a sucker is pushed into it 
and as much fluid as possible aspirated. A second sucker with a small flat 
nozzle is immediately placed alongside the needle puncture to pick up any fluid 
that may leak through it. With these precautions there is little risk of any 
soiling by hydatid material. When no more fluid ean be aspirated the needle is 
withdrawn, with precautions taken against anything dripping from it. 

The lax perieyst is opened between two holding foreeps and the membranes 
are removed. The inside of the pericyst is inspected with a light: generally it 
will be found rough but elean and one or more small bronchial fistulas will be 
seen. These fistulas are closed and the eavity of the perieyst obliterated by 
placing a continuous suture of catgut in the deepest part and going back and 
forth, each time at a higher level, until the walls of the space are closely approxi- 
mated. If the last suture line is adjacent to the chest wall it is fixed to it by 
the same or a fresh suture; but if the suture line does not face the periphery, 
the lung is allowed to drop back. The object of attaching the pericyst to the 
chest wall is that it will be readily accessible if hemorrhage or infection should 
occur in it necessitating drainage. If there is a free pleural space a drainage 
tube, for connection to a water seal, is inserted through a stab wound. This is 
to promote rapid expansion of the lung, to anticipate possible soiling or infee- 
tion and to avoid a tension pneumothorax should any bronchial fistula not have 
been securely closed. The tube can usually be removed within several days and 
recovery is generally prompt and uninterrupted. 

I emphatically disagree with the dogmatic statement of Barrett and Thomas? 
that this type of operation ‘‘is bad and should be given up.’’ It is safe and 
simple; it is suitable for most cysts; and with eare, soiling can be avoided. 

b. Removal of the Parasite Intact. In this method the hydatid fluid is not 
aspirated. The cyst is carefully insulated and an incision is made in the peri- 
eyst down to, but not into, the parasitic membranes. By careful dissection and 
by having the anesthetist raise the intratracheal pressure, it is possible to 
remove the eyst intact. If it sueceeds it is a most satisfactory operation as no 
soiling can occur. The rest of the operation is the same as in the one already 
described. There is an appreciable risk of accidental rupture of the cyst 
during this attempt to remove it intact and if rupture does occur the risk of 
soiling with hydatid elements is much greater than in the operation of first 
aspirating the fluid. I and other surgeons have done the operation successfully 
without rupturing the cyst since Barrett’ suggested it, but most of us, like 
Barrett, have had the eyst rupture on us, and I doubt whether the successful 
eases justify the risks of failure. 
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In discussing these two operations Barrett and Thomas? emphasize the risk 
of contamination by aspirating the cyst before removing the membranes, but 
they also say that if the cyst ruptures during the attempt to remove it intact, 
‘‘the patients were no worse off than if they had been treated by other ways.’’ 
It is difficult to reconcile these views, because inadvertent opening of the cyst 
spills much more fluid than ever eseapes with deliberate aspiration. If soiling 
occurs, it is too early to say that daughter cysts will not develop until some 
years have passed. 

Complicated Cysts.——The second of these two operations is not applicable to 
a complicated cyst, because, having already ruptured, it is no longer intact. 
The first operation can be applied if allowance is made for the fact that aspira- 
tion is ineffective now that the cyst has ruptured; at the most only a trace of 
turbid fluid will be discovered. With the usual precautions against soiling the 
pericyst is opened and the collapsed membranes with any residual fluid or 
daughter cysts are removed. The cyst space, after gentle swabbing, will usually 
be clean enough to obliterate and close, but if it appears to be too dirty a 
drainage tube is left in it for a day or two. The pericyst is fixed to the chest 
wall if possible and the pleural cavity is drained in the usual way. 

2. Removal of the cyst with its pericyst. 

This operation is suitable for both simple and complicated eysts, and it offers 
the best chance of avoiding soiling. I had my first experience with it three years 
ago when I was operating on a girl with five cysts in the left lung due to intra- 
bronchial spread after rupture of a eyst of the right lung.’ 

In this report no operative details were given but they are of interest for the 
present discussion. None of the cysts was more than one inch in diameter and 
all were near the surface of the lung. One ruptured during the attempt to 
remove it intact after incising the pericyst. Each of the remaining four was 
removed intact with its perievst and this proved to be a very satisfactory 
procedure which I have used sinee for similar small eysts. I did not employ 
it for larger cysts until stimulated by Barrett and Thomas,’ who state that the 
larger the cyst the easier it is to enucleate with its adventitia. This may be so, 
but to me it is more of a major procedure when the cyst is large and buried 
in the lung substance than when it is small and superficial. This is a better 
operation than removal of the parasite alone because: a. The risk of soiling 
is less. b. With proper selection it can be used for both simple and complicated 
eysts. ¢. It may replace lobectomy in suitable eases. 

SUMMARY OF TREATMENT OF PULMONARY CYSTS 

1. The best operation for most simple cysts consists of aspiration of the 
fluid, removal of the parasitic membranes, obliteration of the cyst space and 
drainage of the pleural cavity. With care there should be no soiling. 

2. Most complicated cysts do well with a similar operation with suitable 
modifications. 

3. If the surgeon, from choice or necessity, decides to remove the cyst 
intact, he ean do it most surely by enucleating it with the perieyst rather than 
by removing the parasite alone. 
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OPERATIVE TREATMENT FOR RUPTURE OF CYST INTO THE PLEURAL CAVITY 

Conservative surgery will usually suffice for this serious complication and 
the earlier it is done the better. The objects of the operation are: (1) to 
remove all parasitic material from the lung and pleural cavity, (2) to close any 
obvious bronchial fistulas, and (3) to drain the pleural cavity and to have the 
lung re-expanded as soon as possible. 

Even when sepsis and/or daughter cysts are present these measures will 
generally sueceed. I do not agree with the suggestion of Barrett and Thomas 
that rupture of a pulmonary eyst with the formation of daughter cysts in the 
pleura should be treated by pleuropneumonectomy.? 


CYSTS OF THE DIAPHRAGM 


Between 5 and 6 per cent of hydatid cysts occur in muscles. As these have 
been infected through the blood stream it is not surprising that most of the 
patients have or have had eysts in the liver or lung. They start as ordinary 
simple cysts but most of them have daughter cysts by the time they are dis- 
covered. 

The diaphragm is a rare site and I have reported the only one that has 
come to my notice.* It occurred in a patient, aged 63, who complained of a 
dry cough and pain. He said that he had coughed up blood several times in 
the past and this may have been due to cysts in the lung. Radiograms showed 
an irregularly rounded shadow in the right ecardiophrenic angle. At operation 
a hard mass was removed intact with a fringe of the diaphragm and pericardium. 
It was not connected to the heart, lung, or liver, and no eysts were found in 
these organs. The specimen consisted of a fibrocaleareous wall enclosing turbid 
fluid and necrotie debris; microscopic examination showed that it was a degen- 
erated hydatid. Operation is the only treatment and often it will primarily be 
an exploratory thoracotomy for an undiagnosed mass. 


CYSTS OF THE HEART AND PERICARDIUM 


Most hydatid eysts of the heart are primary, the embryo having reached the 
heart muscle through the coronary circulation. Natural cure may occur here as 
elsewhere through death and inspissation of the eyst and it may be found at 
autopsy in a person who has died of some unrelated condition. Apart from 
this, hydatid cysts of the heart may be curiously latent, and there have been 
many eases of sudden death from rupture of an unsuspected eyst. Cardiac 
hydatids are as amenable to surgery as cysts elsewhere, and with the increasing 
use of mass radiography more and more should be discovered before serious 
complications oceur. Two successful operations have been reported recently.® ° 
If left alone the cyst usually ruptures into the pericardium or into a heart 
chamber. ' 

Rupture Into the Pericardium.—This may cause sudden death. If the 
patient survives he will suffer from severe pain, dyspnea, shock, and anaphylaxis; 
and if he recovers from this stage, heart failure may develop from the mechanical 
effects of the hydatid fluid, secondary effusion and, still later, of daughter eysts. 
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The primary cyst in the heart may involute or become the seat of daughter 
eysts. If operation is not done immediately, rupture of daughter cysts may 
cause a repetition of the same story. 


Rupture Into a Heart Chamber.—If the patient does not die at once he 
will suffer from shock and anaphylaxis. As a rule he will recover from this 
and have another latent period. If the cyst was fertile, scolices, and brood 
capsules will have been carried in the blood stream to distant parts and some 
of these will probably grow into daughter cysts, the location of which depends 
on whether the rupture oceurred into the right side or into the left side of the 
heart. 

Rupture Into the Right Side of the Heart.—Scolices and brood capsules 
reach both lungs and some will develop into daughter cysts; it is characteristie 
that they are multiple, bilateral, and peripheral (Fig. 11) 


Fig. 11.—The subject of this film collapsed suddenly. During recovery he developed an 
urticarial rash, and hydatid tests were positive. No hydatid elements could be isolated from 
the patient and no primary cyst could be discovered. This film was taken three years after 
collapse. Five cysts have been removed from the left lung and he has since coughed up 
hydatid material. There are at least three cysts in the right lung. This story is character- 
istic of intravascular rupture of a hydatid cyst. 


Rupture Into the Left Side of the Ileart—Metastatie cysts oceur in periph- 
eral organs and the brain is the main sufferer, but the liver, spleen, and 
kidney are also frequently affected. Many of these patients die from the cerebral 
complications. If the patient survives these catastrophes, daughter cysts will 
probably have developed in the primary cardiac cyst as a result of the rupture. 
At any time this may again break through to a heart cavity and the patient 
will probably die from acute anaphylaxis or from widespread embolism of 
daughter cysts. 

HYDATID CYSTS OF THE LIVER 


Even very large cysts of the liver, if they are still simple, may be latent and 
often an abdominal tumor is found by chance or during a routine examination, 
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Somtimes they cause symptoms by their very weight and size, but as with 
eysts elsewhere symptoms usually mean that complications have occurred, 


due to rupture of the eyst. 

The rupture may be (a) into the biliary system, (b) into the peritoneal 
cavity, (¢) into the thorax, and (d) less commonly into the vascular system, 
the alimentary tract, or the urinary system. These types of rupture may oceur 
alone or in combination. A common combination is intrabiliary with intra- 
thoracic rupture. 

A large hepatie cyst situated immediately under the diaphragm is of 
particular interest to the thoracic surgeon: 1. It may be mistaken for a 
pulmonary eyst. A very large eyst may so thin out the stretched diaphragm 
that the possibility of it being an hepatic cyst is not considered. 2. It may 
simulate a pleural effusion and be aspirated, with serious results. 3. It may 
provoke a secondary pleural effusion. A pulmonary cyst rarely does so. 4. 
Apart from an effusion, it may compress the lung. 5. Bulging of the lower 
part of the chest is more common with a hepatie cyst than with a pulmonary 
cyst. 6. A large hepatie cyst, especially if it is in the left lobe, may cause 
displacement of the heart. 7. An hepatie eyst may rupture into the thorax 
with disastrous results. The rupture may occur into (a) the pericardium or 
mediastinum, (b) the lung and bronchial tree, or (¢) the pleural cavity. 

Before rupturing into the thorax the eyst has already probably ruptured 
into the biliary tract, leading to daughter cyst formation and pyogenic infec- 
tion. There will, therefore, usually be a combination of abdominal and thoracic 
manifestations. The former occur first and vary from slight digestive disturb- 
ances to epigastric pain with jaundice and enlargement of the liver. The 
thoracic manifestations vary with the site of rupture and the kind of rupture. 
Involvement of the pericardium and mediastinum is rare and only the far 
commoner rupture into the lung and pleural cavity will be considered. 


Primary Rupture Into the Pleural Cavity Without Involvement of the 
Lung.—This is rare because usually by the time that the final rupture occurs 
the diaphragm has become firmly adherent to both the liver and the lung. The 
symptoms are a sudden tearing pain, with dyspnea and anaphylactic shock from 
which the patient may die. If he recovers he will soon show evidence of pleural 
irritation and infection, and the withdrawal of bile-stained pus with or without 
hydatid elements clinches the diagnosis. As a rule, involvement of the pleura 
is secondary to the lung disruption caused by intrabronchial rupture of the 
cyst. 

Intrabronchial Rupture.—This may come about in several ways: 1. The 
commonest way is direct spread to the bronchus by the shortest route through 
the lung substanee. 2. The hepatie cyst may first lead to a pulmonary abscess 
before finally communicating with the bronchial tree. 3. The first intrathoracic 
complication may be an empyema and this may result in a bronchopleural fistula 
secondarily. 4. The hepatic cyst may cause a subphreniec abscess and this may 
later break into a bronchus, either directly through the lung or through the 
medium of an empyema. 
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It must be emphasized that a hepatic cyst that ruptures into the thorax 
has probably already ruptured into the bile ducts and is the seat of daughter 
eysts and secondary infection. The rupture into a bronchus usually results 
in pain and the expectoration of bloody bilious pus with hydatid material which 
may be too disorganized to be recognized by the naked eye. Anaphylactie 
symptoms are common at this stage and may be repeated as fresh eruptions 
into the bronchus occur. Because rupture into other parts may complicate 
rupture into the bronchus and because the rupture into the bronchus itself may 
follow various courses, symptoms and signs follow no set pattern. 

A provisional diagnosis of intrathoracic rupture of an hepatie hydatid can 
often be made by remembering its possibility, by correctly interpreting anaphy- 
lactic manifestations, and by clinical, biologic, and radiologic examinations. A 
certain diagnosis is made by finding hydatid elements in the patient’s discharges. 

Daughter cysts are so much commoner in hepatic than in pulmonary eysts 
that if they are found in the sputum an hepatobronchial communication should 
at once be assumed. If bile also is found in the sputum all doubt is ended. 
Should sputum examination prove unfruitful a certain diagnosis may be made 
by the finding of hydatid material in the duodenal washings or in the feces, 
which is indicative of the intrabiliary rupture that so commonly precedes or 
accompanies the intrathoracic rupture. 


TREATMENT OF HYDATID CYSTS OF THE LIVER 


All hepatie cysts except dead and calcified ones should be operated upon 


as soon as possible and preferably before the onset of complications. The 
parasitic elements only should be removed, as attempts to excise the pericyst 
as well may result in disastrous hemorrhage; this is in contrast to a pulmonary 
eyst which can, as already stated, be safely removed with its pericyst if 


necessary. 

Simple cysts and eysts with intra-abdominal complications are best ap- 
proached through the abdomen. My preference is for an oblique incision start- 
ing near the navel and passing upward and outward over the costal margin 
which may be divided, without opening the pleural cavity, if better access is 
required. A thoracic or thoracoabdominal approach is reserved for simple eysts 
not accessible through the abdomen, and for eysts that have ruptured into the 
thorax. 

TREATMENT OF SIMPLE CYSTS 

All precautions are taken against soiling, the cyst is punctured, formalin 
may be injected, and then as much fluid as possible is aspirated; the pericyst 
is opened and the membranes and any remaining fluid are removed. If there 
is any leakage of bile, drainage is essential; but often the pericyst can be 
closed with safety ; it should be stitched to the abdominal wall in ease it should 
need reopening. I have turned the omentum into the cyst space and this has 
proved its worth. 


TREATMENT OF CYSTS WITH INTRA-ABDOMINAL COMPLICATIONS 


The commonest of these complications is rupture into the bilary tract and 
this must be discussed because of its frequent association with intrathoracic 
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rupture. Treatment must embrace the cyst itself and possible obstruction of 
the ducts with hydatid matter with or without cholangitis. As a rule the com- 
plete removal of the mother cyst and all daughter cysts will suffice, but some- 
times it is necessary to remove debris from the bile duets and drain them. The 
removal of innumerable daughter cysts may be a tedious and heartbreaking 
operation, and it is not uncommon for more daughter eysts to drain away for 
many weeks or months afterward. 


TREATMENT OF INTRATHORACIC RUPTURE 


Occasional cure by expectoration has been reported but this is very rare 
and operation is necessary for toxemia, hemoptysis, infection of the lung and 
pleura, and for the hepatic eyst itself. 

The approach is primarily through the chest and diaphragm, with exten- 
sion into the abdomen if necessary. Here one is dealing with a multivesicular 
infected cyst and more than one operation may be necessary to cure it and the 
thoracic extension. The pulmonary lobe may have to be removed if it is 
seriously damaged. On the other hand, evacuation and drainage of the eyst 
may suffice to close a less complicated hepatobronchial fistula. If the cyst is 
calcified drainage may continue indefinitely. 

HYDATID CYSTS OF THE SPLEEN 

Primary cysts of the spleen are comparatively rare and are usually asso- 
ciated with eysts in the liver and lung. They may come into the field of the 
thoracic surgeon because of bulging of the chest, pressure erosion of ribs, 
raising of the diaphragm, pleural effusion, compression of the lung, displace- 
ment of the heart, or rupture into the left lung or pleural cavity. The treat- 
ment for intrathoracic rupture aims at removal of the cyst contents and drain- 
age of contaminated areas. Because the spleen is ductless, suppuration before 
rupture is very uncommon, in contrast to the sequence in hepatic eysts. 
Splenectomy greatly increases the operative risk and is rarely necessary. The 
need for lobectomy is even rarer. 

HYDATID CYSTS OF THE KIDNEY 

Primary cysts are as rare in the kidney as in the spleen but are more prone 
to daughter cyst formation and infection because of rupture into the urinary 
channels. A eyst in the upper pole may involve the diaphragm, pleural cavity, 
and lung (especially on the left side). If the cyst breaks through to the 
bronchus and to the urinary channels, hydatid elements may be found in the 
urine and sputum; the sputum may contain urine. The principles of treatment 
are the same as for intrathoracic rupture of other cysts and the surgeon may 
have to decide what to do as he goes along. Because of the urinary contamina- 
tion and secondary infection, he should remove the kidney if possible, but he 
may only be able to remove as much hydatid material as possible and drain 


the involved areas. 
CONCLUSIONS 


This paper is based on a personal series of seventy-eight hydatid cysts 
(sixty-six pulmonary, ten hepatic, one diaphragmatic, and one probable cardiac). 
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Some of the general features of hydatid disease are discussed. Cysts of the 
lung and heart most closely touch the thoracic surgeon but abdominal cysts 
with thoracic complications may also fall to his lot. Methods of diagnosis and 
principles of treatment are discussed. The great tragedy is that this easily 
preventable disease is still prevalent. 


I have to thank my colleagues for some of the patients and some of the case 
records. I also wish to thank the clinical photographers of three hospitals for copies of 
radiograms. 
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DISCUSSION 


DR. H. BRODIE STEPHENS, San Francisco.—Recently we have had occasion to 
see an annular density in the left lower lobe of a lady in the middle thirties. This abnor- 
mality was picked up on a routine screening examination. This mass resembled somewhat a 
bronchial cyst in the hilar area of the left lower lobe, and the chest x-ray film demonstrated 
that the abnormal area was lined by calcium. I should appreciate hearing Dr. Susman’s 
comments in regard to the possibility of echinococcie disease producing such a picture in 
the roentgenograms. 

Bronchoscopic examination in this patient was negative. Exploratory thoracotomy 
revealed that the cystlike structure was located within the hilus of the left lower lobe. The 
wall of the mass was composed of a thin shell of calcium and the lumen of the cyst was 
filled with fresh blood. In order to remove the cyst it was necessary to perform a left lower 
lobectomy. The lumen of the cyst appeared to be a continuation of a portion of the lumen 
of the pulmonary artery to the lower lobe. 

The diagnosis would appear to rest between aneurysm of the pulmonary artery or some 
type of complicated cystic disease of the lung. I should appreciate very much hearing Dr. 
Susman’s comments with regard to this case, and to learn if he has encountered such a 
finding as a complication of hydatid disease of the lung. 

DR. FREDERICK G. KERGIN, Toronto.—On this continent this disease is quite rare, 
and we are grateful to Dr. Susman for sharing his great experience with us. In Toronto, 
the disease is exceedingly rare in the lung, but of recent years we have seen a certain number 
of cases among displaced persons, emigrants. One of these cases was certainly unusual. 

(Slide.) This 45-year-old man had come from Rumania and for three weeks had had 
hemoptysis. He had a positive Casoni test and increased eosinophiles, so we had a definite 
diagnosis. At operation there was considerable pneumonitis in the area of the lower lobe 
occupied by the cyst. We thought it was not suitable for local conservative resection and 
performed lobectomy. 

(Slide.) This shows the eyst lying in the lobe and one can see the inflammatory change 
in the lobe. 

(Slide.) ‘The unusual feature of this case appears to be that this cyst lies in the 
posterior basic bronchus. You can see that the bronchial wall is just outside the cyst. So 
the cyst occupies the posterior basic bronchus and has enlarged to cause tremendous ectasia 
of the bronchus. 

I should like to ask Dr. Susman if this is a recognized form of the pathology of the 
disease. 
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DR. LOUIS R. DAVIDSON, New York.—Nine years ago I presented before this Asso- 
ciation a paper entitled ‘‘ Hydatid Cysts of the Lung’’; it was based upon a personal ex- 
perience with four cases. Since very few patients with this disease of the lungs are seen 
in the United States, you will agree with me, I am certain, when I say that it is bordering 
upon arrogance for a North American surgeon to discuss a substantial presentation such as 
that which you have just heard from Dr. Susman. It is with great hesitancy therefore 
that I discuss this subject. 

In any event, having studied the literature, particularly as related to complicated cysts, 
I shall present to you the x-ray sign which permitted me, in one case, to make an unequivocal 
preoperative diagnosis of hydatid disease of the lung. A pathognomonic x-ray sign is noted 
only when the cyst becomes complicated and strange as it may seem it is complicated only 
when the adventitia is involved. 

(Slide.) This, the outer layer of the hydatid vesicle, is the laminated layer. The 
inner portion is the germinal layer. It is obvious that there is a difference between a hydatid 
vesicle and a hydatid cyst. The latter is a hydatid vesicle plus the adventitia which is the 
perivesicular layer which is laid down by the host organ in which the vesicle resides. Within 
the vesicle when it is not biologically sterile scolicses, hydatid sand, and hydatid fluid (aqua 
roca) are found. 

With the aid of this lantern slide I shall attempt to indicate to you the evolution of the 
condition which permits of an absolute preoperative diagnosis. The cyst wall impinges 
upon a bronchiole. Finally the adventitial layer is eroded by this bronchiole and air escapes 
from the tracheobronchial tree between hydatid vesicle and the adventitia, thereby encircling 
the vesicle. This produces a ‘‘ perivesicular pneuma.’’ Now, if in turn the layers rupture, 
air gets into the vesicle itself and produces what is known as a “double-domed arch.” Finally, 
when the membrane sinks onto the fluid this condition, as represented in the slide, is known 
as the camolote formation. One of Dr. Susman’s slides showed this radiographic evidence of 
this complication. 

Therefore, with this description of the evolution of a complicated cyst being kept in 
mind, I should like to show you one case in which I was able, by good fortune, to make the 
preoperative diagnosis of a hydatid cyst of the lung. (This patient was seen at the U. S. 
Marine Hospital, Stapleton, Staten Island.) Varying diagnoses were made but fortunately, 
having learned from the literature of this radiographic sign of complicated hydatid cyst, 
the diagnosis was made preoperatively. Later when I operated the diagnosis was  sub- 
stantiated both macroscopically and microscopically. 


It was a pleasure indeed to diseuss Dr, Susman’s most interesting and illuminating 


paper. 

DR. RICHARD H. MEADE, Grand Rapids.—Dr. Susman mentioned the danger of 
dissemination of the disease from spilling the contents of the cyst when it ruptures. It has 
been my impression, from reading, that in a great many cases when a cyst was opened 
inadvertently, an allergic reaction might occur. In 1931, in Philadelphia, I believe, Dr. 
Phillips of Rochester gave a paper on this subject and pointed out that infestation with this 
hydatid was much more common in this country than we had realized. Two years later I 
assisted Dr. Ravdin in an operation on an echinococcus cyst of the mediastinal pleura and, 
not suspecting the nature of it, the cyst was ruptured, and the pleural cavity was inundated 
with the fluid. The patient made a completely uneventful recovery and has been well since 
so far as I know. 

I would like to ask Dr. Susman if the impression I have of the danger of an allergic 
reaction is correct. 

DR. AUSTIN H. BELL, Oklahoma City.—I should like first to thank the Association 
for the privilege of the floor. Second, I wish to thank Dr. Susman for this paper, and also 
I wish to thank him and his fellow Australians who were of such help to us during the past 
Those of us who were at that time in the South Pacific remember quite gratefully their 


war. 
efforts in relieving us in our island-hopping campaigns in that area. 
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Third, we had at Ft. Benning, Ga., in the regional hospital, an Italian prisoner of 
war who presented himself, as in Dr. Davidson’s case, with the diagnosis made when we 
saw him in consultation. The cyst had been aspirated by the medical service, under the 
impression that it was an amebic abscess. It was a large cyst of the dome of the liver, 
aspirated through the chest. We felt that it presented an emergency. It was approached 
transthoracically and, as Dr. Susman suggested, unless one wishes to get into a tremendous 
hemorrhage, these cysts must be removed from the compressed zone of the liver without at- 
tempting to remove the compressed zone of liver. During the exploration two additional 
cysts were noted, one in the anterior lobe on the right side, and one in the left lobe of the 
liver. These were later handled transabdominally, satisfactorily. 

I would like to ask Dr. Susman whether the use of formalin, as suggested previously by 
older authors, had any additional value. Older authors suggested aspiration of the cyst, the 
injection of formalin, a weak solution, into the cyst, a wait of five or six minutes, and 
packing the surrounding area off with packs soaked in weak formalin solution. 

The nearest description I can give of these membranes in the liver itself, is that of a 
football in which the bladder is collapsed. We lift it out intact; a catastrophic hemorrhage 
will occur if an attempt is made to remove the zone of compressed liver. 


DR. LEO ELOESSER, San Franciseo.—A short stay in the Argentine, in Buenos Aires, 
convinced me of the superiority of resection, that is, removal of the cyst, as against the 


old methods of drainage and formalinization known to the South American continent as the 
method of Posada. 

I should like to ask Dr, Susman how accurate are the skin tests and complement fixation 
tests in the diagnosis of this disease. The disease is not entirely rare in California; it 
occurs among the Basque shepherds of the Sierra Nevadas not too infrequently. 

DR. ELLIOTT HARRISON, Vancouver.—I think this is a most appropriate paper, as 
I think we will probably see more of this disease in the near future than we have in the 
past. In British Columbia we had the first case of echinocoeccie cyst of the lung in 1948. 
I reviewed the cases admitted to the Vancouver hospitals for ten years prior to that 
(from 1988 to 1948) and there was not one case recorded in the two hospitals, which aggre- 
gate approximately 1,800 beds. Since that time we have had eleven cases of echinococcic 
cyst of the lung and I believe we will see more. because a recent review of the animals in 
northern British Columbia by the Canadian government has revealed a large percentage 
of infection among dogs and among wild animals such as moose and elk. 

(Slide.) This represents the distribution of our first seven cases. You will note that 
they are all in the northern part of the province. Since then there have been three further 
cases, farther north than shown on this map. The eleventh case is a patient who was in- 
fected in Australia. Of the eleven cases, ten have been among North American Indians and 
two in whites—the one who was infected in Australia and the other a young boy who lived 
in northern British Columbia. 

(Slide.) This is a typical case as shown in our series. They have been treated in a 
manner similar to that described by Dr. Susman. There have been eleven operations, five 
with removal of the cyst, two lobectomies, and the remainder wedge resections. In two cases 
the cyst was ruptured but there have been no untoward results. There was no mortality, 
and all patients are well. 

The next slides show some of the cysts which have been removed, and cases in which 
lobectomy was done. 

I would like to ask Dr. Susman if he places any reliability on the Casoni test and also 
on the eosinophile count. 


DR. GABRIEL SELEY, New York.—Having had experience with two echinococcus 
eysts of the lung, I was alert in looking for a third. A patient presented herself with a 
eystlike structure occupying almost the entire right lower lobe. She unfortunately had 
the pathognomonic sign that has just been described by Dr. Davidson. However, there was 
nothing else about her history to suggest echinococcus disease. In searching further it was 
found that she had had a rather severe pneumonia one year prior to this admission. At 
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operation the entire right lower lobe was found to be replaced by a large cystlike mass, and 
a lower lobe lobectomy was performed. The pathology consisted of a chronic burnt-out huge 
lung abscess and the contents of the cyst consisted of pure fungi without evidence of usual 
bacteria. 

In reconstructing this case it appeared that this patient had a chronic lung abscess and 
the cavity filled with fungi after the pathogenic bacteria had been killed off by antibiotic 
therapy. The pathognomonic sign that is supposed to indicate echinococcic disease can and 
does occur in this condition. In fact, any cystic cavity which is almost completely filled with 
debris, blood clot or inspissated material can produce the same roentgen sign. 


DR. SUSMAN (Closing).—Bronchoscopy as a rule is not helpful in hydatid disease 
but I have once made the diagnosis thus in a patient who had a ruptured hydatid cyst; I 
saw what I thought to be a foreign body in the bronchus and it turned out to be a piece 
of hydatid membrane. In another case a colleague removed what was left of the hydatid 
eyst and the patient made a recovery without operation. 

Hemorrhage in any operation for hydatid cyst may occur unexpectedly in the lung 
as well as in the liver and may be one of the rare occasions in which lobectomy might have 
to be done for a simple cyst. It is very rarely, however, that it is necessary, because if the 
hilum is temporarily controlled with the finger the bleeding points can generally be found. 
Cysts of the lung can calcify as Dr. Stephens said, but I have never seen so thick a layer on 
a lung eyst. I would doubt if his patient had had a hydatid cyst unless the hydatid tests 
were positive. 

Dr. Kergin found inflammatory changes in the surrounding lung. They do occur but 
they are not irreversible, and I have been impressed by the fact that the surrounding lung 
recovers remarkably well and I repeat that, with rare exceptions, conservative surgery and 
not radical surgery is the correct procedure. Bronchiectasis is quite common and in a re- 
cent survey of the Hydatid Registry of some 500 cases in New Zealand and Australia quite 
a number had symptomless bronchiectasis found on bronchography. Most of the patients 
were followed for a long time and did not require further surgery. 

I am not quite in agreement with Dr. Davidson. A complicated cyst is one that has 
ruptured and probably, though not inevitably, has become secondarily infected. There may 
be no change whatever in the pericyst (the adventitia) or surrounding lung. That is a 
usual finding, I would say, even in infected cyst. 

Dr. Meade brought up the point of anaphylaxis. It is common; in fact the imme- 
diate serious symptoms following rupture are almost always due to anaphylaxis, and they 
may be repeated every time a cyst reruptures or if the patient is submitted to operation. 
Mediastinal hydatid cysts are rare. I have seen none, and I suggest that the one Dr. Meade 
had was in the pleural cavity although it might have seemed to be in the mediastinum. 

Dr. Bell’s resident aspirated one case, and that is a dangerous thing to do. Patients 
have died suddenly or have suffered severely from anaphylaxis and have sometimes ended up 
later with multiple daughter cysts. 

Formalin I did not mention. There is a tendency in Australia now not to regard it 
as absolutely necessary and one certainly should not use it in a lung cyst because there 
is always a bronchial fistula and the patient may suffer from its irritation. 

The various hydatid tests and their significance are discussed in the body of my paper. 





SURGICAL CONSIDERATIONS IN FOCALIZED PULMONARY 
HISTOPLASMOSIS 


COLONEL JAMES H. Forsee, Major THomas F. PUCKETT (BY INVITATION), AND 
COLONEL FRANK E. HAGMAN (BY INVITATION), MEDICAL Corps, ARMY 
OF THE UNITED STATES 
DENVER, CoLo. 


INCE February, 1951, the diagnosis of foealized pulmonary histoplasmosis 

has been made on thirty patients following surgical exploration of the 
hemithorax and the histopathologic examination of excised pulmonary and 
mediastinal lesions. Except for one ease the diagnosis was based solely on the 
morphologie characteristics of Histoplasma capsulatum demonstrated in the 
excised tissues employing the periodic-acid-Schiff (P.A.S.) stain.’ 

For years following Darling’s original report in 1906, histoplasmos’s was 
considered a generalized and frequently fatal disease. At that time he sug- 
gested the name Histoplasma capsulatum for certain intracellular ‘‘protozoa’’ 
he noted in tissues from a human autopsy he had performed in Panama.” In 
recent years evidence indicates that histoplasmosis is a frequently encountered 
fungus disease often manifested in the lungs. It is rather common in a benign 
form.*> Our interest developed as a result of considerable experience in the 


surgical management of round pulmonary lesions such as the tuberculoma and 
coccidioidoma.® 7 As the focalized pulmonary lesions of histoplasmosis have be- 
come recognized there has been a marked decline in the incidence of pulmonary 
lesions classified as tubereulomas in which the tubercle bacillus was not demon- 
strable. 


CASE REPORTS 

Case 1.—This 36-year-old white airman had been in the Regular Army or Air Force for 
twelve years; he had lived in Texas five years and abroad in England, Germany, and the 
Philippine Islands for three years. A re-enlistment chest roentgenogram in May, 1950, revealed 
a round, discrete, 2 em. area of increased density in the right lower lung (Fig. 1). Extensive 
clinical investigation revealed no evidence of active pulmonary tuberculosis or neoplastic dis- 
ease. In July, 1952, he complained of chest pain and cough with an unexplained weight 
loss of thirty-four pounds during the previous six months. 

He had regained seventeen pounds by November, 1952, when he was admitted to Fitz- 
simons Army Hospital. He was asymptomatic. Chest roentgenogram revealed the findings 
previously described. The skin test revealed a two plus P.P.D. No. 1 and histoplasmin 1:1000 
was one plus. Coccidioidin was negative. Repeated examinations of the sputum were nega- 
tive for acid-fast bacilli and fungi. Bronchoscopic examination was negative. On December 
19, a right thoracotomy revealed a free pleural space and no hilar lymphadenopathy. There 
was a 2 em., firm, round, discrete nodule located beneath a thick pleural plaque in the anterior 
inferior portion of the right lower lobe. The remainder of the lung was normal. This nodule 
was removed by wedge excision. 

From the Surgical and Laboratory Services, Fitzsimons Army Hospital, and the Depart- 
ment of Surgery, University of Colorado School of Medicine. 


Read at the Thirty-third Annual Meeting of The American Association for Thoracic Sur- 
gery, San Francisco, Calif., March 27, 28, and 30, 1953. 
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The cut surface of the nodule revealed a dense fibrous wall, a laminated peripheral area, 
and a soft center (Fig. 2). Microscopically there was an encapsulated focus of coagulative 
pneumonitis with a necrotic center. Histoplasma capsulatum was identified in the necrotic 
material (Fig. 3). Smear and culture of the excised tissue were negative for acid-fast or- 
ganisms. The patient made an uneventful recovery and has continued on full military duty. 


Fig. 1.—Rounded area of increased density in right lower lung field (Case 1). 
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Fig. 2.—Surgical specimen. Pleural plaque and laminated appearance of lesion demonstrated 
Case 1) 





FORSEE ET AL.: SURGICAL CONSIDERATIONS IN PULMONARY HISTOPLASMOSIS 133 


CASE 2.—A 20-year-old soldier was admitted to Fitzsimons Army Hospital July 21, 1951, 


after a duty tour of twenty-six months in Panama. A routine chest roentgenogram had dis- 


closed a 3 by 4 em. cavitary lesion in the apex of the left upper lobe (Fig. 4). Nothing 


abnormal was detected on physical examination. Smears and cultures of sputum and gastric 


Complement fixation for 


contents were repeatedly negative for M. tuberculosis and fungi. 


é. 2 i 


Fig. 3 (Case 1).—Histoplasma capsulatum in central portion of lesion (P.A.S. stain, x 2000). 


Fig. 4 (Case 2).—Cavitary lesion in left upper lung field. 
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histoplasmosis was positive in 1:20 dilution and negative for coccidioidin. Bronchos- 
copy was negative. The tuberculin skin test was positive as was the histoplasmin skin test 
while the coecidioidin was negative. 

Four months of bed rest, streptomycin, and para-aminosalicylic acid therapy resulted in 
no appreciable change in the cavitary lesion. On November 21, 1951, surgical exploration 
of the left thoracic cavity revealed dense adhesions between the left apex and the parietal 
pleura. These were severed. A firm nodular area, approximately 4 em. in diameter, was palpa- 
ble in the apicoposterior area and resection of that segment was accomplished. The specimen 
contained a 3 by 1 by 1.9 em. thin-walled cavity containing yellowish necrotic material. No 
bronchial communication could be demonstrated (Fig. 5). 


Fig. 5.—Surgical specimen (Case 2). Cavity, left upper lobe. 


Microscopically the cavity was seen to be cumposed of a dense wall of fibrous tissue and 
was partially lined by bronchial epithelium. Accumulations of lymphocytes, epithelioid, and 
giant cells were seen peripherally. The central area was composed of amorphous granular 
material containing large mononuclear cells. Organisms morphologically identified as Histo- 
plasma capsulatum were seen within monocytic cells of the cavity wall. A fungus was cul- 
tured on brain heart infusion (BHI) media and intraperitoneal inoculation of a suspension 
into mice produced histoplasmosis in the animals with typical intracellular organisms in the 
liver and lungs. 

The age variation of the patients was from 20 to 48 years; twenty-eight were 
men and twenty-nine were Caucasians. It is of interest to note that 40 per cent 
had resided in Panama (Table I). 

The divergence of opinion regarding the significance of the histoplasmin 
skin test is not clarified by our case material.*'! The results of the skin tests 
are shown in Table II. The negative reactor unfortunately did not have the test 


repeated. 

Complement fixation tests and collodion agglutination tests were performed 
by the Army Research and Graduate School, Washington, D. C., on eighteen 
patients and the results are shown in Table III. The positive reactors with 
the highest titers were those in whom there was histologic evidence suggestive 





TABLE I. AGE, RAcgE, SEX, PLACE, AND LENGTH OF RESIDENCE 








l RACE SEX -- RESIDENCE 


WwW M Tennessee—2 yr. 
WwW M Africa—2 yr. 

Ww M Minnesota—18 yr. 
Ww M Illinois—20 yr. 
WwW M Towa—20 yr. 

WwW M Panama—2 yr. 
WwW M Panama—2 yr. 
Ww M Nebraska—20 yr. 
WwW M Panama—2 yr. 
W M Panama—2 yr. 
WwW M Panama—=3 yr. 
Ww M Missouri—1 yr. 
W M Panama—3 yr. 
WwW M Panama—2¥% yr. 
Ww M Alabama—15 yr. 
W F Nebraska—10 yr. 
Ww M Kansas—2 yr. 
W M Panama—3 yr. 
WwW M Nebraska—2 yr. 
WwW M Tennessee—3 yr. 
WwW Panama—2 yr. 
Ww Panama—3 yr. 
WwW J Panama—2 yr. 
WwW } Tennessee—15 yr. 
W Panama—2 yr. 
Ww Tennessee—14 yr. 
W Kentucky—1 yr. 
Ww Missouri—20 yr. 
WwW Texas—5 yr. 

Ww Panama—®5 yr. 




















H 
+ 
+ 
+ 
+ 
+ 
~ 


ek Total az - a ies 
H+ Histoplasmin positive — H— Histoplasmin negative —__ 
C+  Coecidioidin positive C-—  Coccidioidin negative 
T,+ P. P. D. 0.00002 mg. positive T,- P. P. D. 0.00002 mg. negative 
T,+ P. P. D. 0.005 mg. positive T. P. P. D. 0.005 mg. negative 

















TABLE III. RESULTS OF COMPLEMENT FIXATION AND COLLODION AGGLUTINATION TESTS 











HISTOPLASMA COLLODION HISTOPLASMA COMPLEMENT | COCCIDIOIDES IMMITIS 
AGGLUTINATION FIXATION | COMPLEMENT FIXATION 
Negative Negative Negative 
Negative Negative Negative 
Positive 1:10 Negative Negative 
Negative Positive 1:2 Negative 
Negative 
Negative Positive 1: Negative 
Negative Negative Negative 
Negative Positive 1:! Negative 
Negative Positive 1:! Negative 
Positive 1: Positive 1: Negative 
Negative Negative Negative 
Negative Positive 1:5 Negative 
Negative Positive 1: Negative 
Negative Negative Negative 
Positive 1:5 Positive 1:5 Negative 
Positive 1:10 Negative Negative 
Positive 1:20 Negative Negative 
Negative Negative Negative 
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of ‘‘aectivity’’? as manifest by greater lymphocytic and plasma cell infiltration, 
more numerous epithelioid tubercles, and less extensive fibrosis. It is the opinion 
of some who have had considerable experience in the use of these tests that a 
titer of 1:40 or above for the complement fixation indicates the presence of a 
mycotie infection.’? 

In this group of patients the symptoms were mild or absent. Fourteen of 
the thirty had no symptoms referable to the chest. In twelve the lesion was 
noted on a routine chest roentgenogram and in two the detection was made as 
a part of a study to ascertain the cause of epigastric distress. Among these, one 
patient had had roentgenographie evidence of the lesion for seven years and 
two patients had had roentgenographic evidence of lesions for four years. Six- 
teen patients had symptoms referable to the chest such as hemoptysis, productive 
cough, chest pain, and moderate loss of weight. 


The roentgenographie findings were those of any other so-called round or 
ovoid density within the lung or mediastinum. Hilar densities 2 to 4 em. in 
diameter were noted in five patients. A cavitary lesion was present in only one 
patient, and moderate bronchiectasis coexisted on the side of the histoplasmosis 


lesion in one patient. 

Sputum smears and cultures of sputum and gastric washings were re- 
peatedly negative for acid-fast bacilli in all but one patient in whom sputum 
smears were positive elsewhere but were repeatedly negative at Fitzsimons. 
Smears and cultures taken from the surgically excised tissue were negative for 
acid-fast bacilli in all patients. With the use of the P.A.S. stain, Histoplasma 
capsulatum was identified in the excised pulmonary or mediastinal lymph node 
tissue in all patients. Cultures for Histoplasma capsulatum were positive in only 
one patient. 

Although this organism is fastidious in its growth requirements, an explana- 
tion for the inability to culture organisms from tissue other than the cavitary 
lesion in this series is not clear. Others have had difficulty in isolating the 
organisms from animals with experimental histoplasmosis.'** Fureulow' is of 
the opinion that organisms in calcified lesions are probably not viable. Slight 
variations in the staining characteristics along with variations in the number, 
location, and morphology of organisms present in the healed or healing lesions 
in this series lead us to suspect that they are no longer viable. 

Histoplasma capsulatum exists in two forms: (1) A yeastlike form found 
in infected tissues and (2) a mycelial form, presumably the form existing in 
nature. In tissue the organism is round or ovoid, 3 to 5 microns in diameter 
with oceasional erescentic forms. It is usually intracellular but is occasionally 
extracellular. With the P.A.S. stain it has a well-defined limiting membrane 
that is stained brilliant red or reddish-purple and a central mass that usually 
stains bright red but is occasionally dark blue. There is a clear zone between 
the central mass and the limiting membrane. Organisms were present through- 
out necrotie foci and occasionally were seen within the ghost outlines of alveoli. 
Often there were clusters of four to ten organisms with a suggestion of the 
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remnants of a cellular outline about them. Elsewhere single organisms were 
diffusely scattered. The use of this selective stain and the oil immersion lens 
are essential for identification. 

The gross appearance of the pulmonary lesion was interesting. The pleural 
eavity in all patients was free of fluid. Adhesions were absent in most instances 
and of significance only in the one patient with a cavitary lesion. The lesions 
were circumscribed and solitary in eleven patients. The remainder contained 
two or more satellite lesions close to, or some distance from, the main nodule. 
A plaque was commonly seen on the visceral pleura overlying the nodular lesion 
and the pleura was often thickened and puckered. The consistency varied from 
firm or semifluetuant to hard and rubbery. The cut surface often revealed 
concentric laminations and the typical lesion was yellowish-gray to grayish- 
white with a small central or eccentric yellowish necrotie focus. A well-defined 
fibrous capsule enclosed material which was semifluid, friable, rubbery, or hard. 
None were calcified although flecks of calcium were frequently noted micro- 
scopically. In general, the lesions were indistinguishable from similar granu- 
lomas due to M. tuberculosis and Coccidioides immitis. 

The microscopic examination of the nodular lesions revealed a fibrous 
capsule which was often hyalinized. Accumulations of lymphocytes, epithelioid 
cells, and occasional giant cells were adjacent to or within the capsule. Rarely 
a bronchiole was seen in close association with the eapsule. Central coagulative 
necrosis was present in which ghost cell outlines and alveolar walls were often 
evident. Areas of necrosis were sometimes multiple, and adjacent epithelioid 
tubercles w-thout central necrosis were occasionally seen. Adjacent pulmonary 
tissue presented patchy atelectasis and varying degrees of perivascular and 
peribronchiolar fibrosis. There were foci of organizing pneumonia adjacent 
to the cavitary lesion. 

Puckett® has separated the pulmonary lesions into four groups: (1) foeal 
encapsulated pneumonitis without satellite lesions, (2) focal encapsulated pneu- 
monitis with smaller satellite lesions, (3) foeal eneapsulated pneumonitis with 
extensive involvement of the lymphatic channels, and (4) cavitary lesions. 

Enlargement of hilar nodes was not commonly observed during surgical 
exploration of the chest for parenchymal lesions. In three patients moderately 
enlarged hilar lymph nodes were removed which contained Histoplasma capsu- 
latum. The lung tissue was not involved. In two patients both lung and lymph 
nodes were involved. 

CASE REPORT 

CASE 3.—This 34-year-old white male officer spent most of his life in Nebraska and was 
in Korea for fourteen months prior to hospitalization in October, 1951, following the 
detection of a circumscribed 3 em. area of density in the left lung field. He was asymptomatic. 
Physical examination was negative. Bronchoscopy was negative. Skin tests were as follows: 
P. P. D. No. 1 was two plus, coccidioidin one plus, and histoplasmin two plus. An exploratory 
thoracotomy was performed at Fitzsimons Army Hospital Nov. 9, 1951, and a 3 em. sub- 
pleural, hard, rubbery, yellowish nodule with a moderately thick pleural plaque was removed. 
Three slightly enlarged, firm, mediastinal nodes were also removed (Fig. 6) 

The lung nodule and lymph nodes contained Histoplasma capsulatum demonstrated by 
the P.A.S. stain. The interesting feature in this case is that the lesions may represent a 
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primary complex of histoplasmosis somewhat similar to the Ranke complex of primary tuber- 
culosis. The organisms could not be grown on culture. He had an uneventful recovery and 


returned to military duty. 


Fig. 6.—Parenchymal nodule and hilar nodes; necrotic areas present in nodes (Case 3). 


The surgical management required pulmonary excision by wedge excision in 
twenty-three patients. Two had lesions excised from more than one lobe, two 


were treated by segmental resection, two by lobectomy (right middle lobe), and 
the excision of hilar lymph nodes alone led to the diagnosis in three patients. 
The side of the lung lesion removed was on the right in twelve instances and the 
left in fifteen. 

SUMMARY 


The focalized lesions of pulmonary histoplasmosis are often indistinguish- 
able from neoplasm, tuberculoma, coccidioidoma, and other granulomatous lesions 
in their roentgenographie or gross appearance as well as clinical manifestations, 
and require surgical removal and histopathologic examination of the excised 
tissue for differentiation. The use of the periodic-acid-Schiff stain in the study 
of the excised tissue has greatly facilitated the identification of Histoplasma cap- 
sulatum and with the identification of these organisms there has been a steady 
decline in the number of lesions previously classified as tuberculoma but in 
which the tubercle bacillus could not be demonstrated. The inability to culture 
the organisms from the focalized lesions is probably due to their not being 
viable. The surgical excisions ean generally be accomplished by wedge excision 
of the lung tissue containing the lesion. There has been no evidence to indicate 
that dissemination of the disease results from surgical removal of the focalized 
lesion. The recognition of histoplasmosis as a granulomatous pulmonary lesion 
often focalized and benign is a further aid in the diagnosis and therapy of the 
lesions within the lung and mediastinum, the nature of which cannot be ascer- 
tained without surgical exploration, removal of the lesion, and histopathologic 
examination of the excised tissue. 
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BILATERAL BRONCHIECTASIS 


A CLINICAL AND PuysioLocic EVALUATION OF THE RESULTS oF 
SuRGICAL TREATMENT 


Epear P. Mannix, JR., M.D., Brooktyn, N. Y. (BY INVITATION), FRANCIS 
JERBASI, M.D., ANN ARBOR, MICH. (BY INVITATION), CHARLES E. O’BrIEN, 
M.D., Dayton, OHIO (BY INVITATION), R1cHARD H. ADLER, M.D., Burra.o, 

N. Y. (By INVITATION), W. ARNOLD MCALPINE, M.D., ToLEpo, OHIO (BY 
INVITATION), AND HARPER KERR, M.D., PUEBLO, COLO. (BY INVITATION ) 


N MANY of the published results of extensive lung resections for bronchi- 
ectasis, emphasis has been placed upon the incidence of such complications 
as hemorrhage, shock, bronehopleural fistula with empyema, and pulmonary in- 
fection with excessive secretions. Advances in the technique of hilar dissection 
and in anesthesiology, as well as the availability of antibiotics and whole blood 
transfusion have contributed to a declining incidence of such complications and 
consequently to both a lower operative and hospital mortality. 

Bisgard' reported a death rate of 13.5 per cent in thirty-seven cases of bi- 
lateral resections for bronchiectasis collected from the literature. Lindskog? 
performed twelve bilateral resections without a mortality, and Kergin® reported 
only four deaths in thirty-one bilateral resections, the last nineteen being done 
without loss of life. Our report is concerned chiefly with the late results fol- 
lowing resections performed on thirteen patients with bilateral bronchiectasis, 
three of whom underwent pneumonectomy and ten of whom had bilateral re- 
sections. Although there was no operative or hospital death in our series, one 
patient died fifteen months and another thirty-four months after leaving the 
hospital, from causes related to surgery. 

Our interest in the ecardiorespiratory status of these patients has been 
stimulated for the following reasons: 

There is a discrepancy in the reported incidence of dyspnea following 
pulmonary resection. There is no mention of dyspnea in any of the twelve pa- 
tients who had bilateral resections in the series of Lindskog? although six of these 
patients had residual lesions. Kergin® reported ‘‘remarkably little evidence of 
decreased respiratory function”’ in the eighteen of his patients with bilateral 
resection whose progress he was able to follow. No function studies were re- 
ported. In the series of Rosemond,* 88 of 159 patients had some degree of 
dyspnea after resection of various amounts of lung tissue. Six patients, in 
whom the disease had been bilateral, were severely handicapped. Taylor, Roos, 
and Burford’ found that two of twelve patients with bilateral resections were 
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unable to work because of severe dyspnea, and the remaining ten carried on 
their usual routine in a normal fashion but had some degree of dyspnea on 
exertion. Graham,°® after successfully resecting thirteen bronchopulmonary 
segments in 1941, asked the question ‘‘ With how little lung tissue is life com- 
patible?’’ The most extensive resection on human beings which we have been 
able to find in the literature is that of W. E. Adams.? This patient had a re- 
section of the right middle and lower lobes, the left lower lobe, lingula, and 
emphysematous lower tips of the remaining parts of the left and right upper 
lobes. He was described as being less dyspneie after operation than he had 
been in the preoperative period. 

From the practical surgical point of view, we believe the following con- 
cepts, expressed by us in an earlier report,® may be worthy of repetition: 

Clinical experience and animal experimental contributions®** have only 
partially answered the question originally propounded by Graham. The age, 
general health, daily activity, and cardiorespiratory status of the patient are 
some of the influencing factors needing further evaluation. 

The incidence of emphysema, ventilatory insufficiency with hypoxemia, pul- 
monary hypertension, and cor pulmonale following extensive lung resections 
should be clarified. The disadvantages of a state of respiratory insufficiency 
postoperatively must be weighed against not only the handicaps of the disease 
as they exist without operation but also against the amelioration of symptoms 
other than dyspnea following operation. In eases of bilateral disease a happy 
compromise may be found in some eases by resecting only one side even when 
the disease is fairly evenly distributed. While the series which we report is not 
large enough to be statistically significant, we believe the data will be helpful 
in directing attention to the problem of respiratory insufficiency following ex- 
tensive lung resections. 

The report encompasses the following groups of patients: 


1. Three patients who have had pneumonectomy for extensive unilateral 
bronchiectasis, but who still have bronchiectasis in one segment of the remaining 
lune. 

2. Ten patients who have had bilateral resections of from seven to thirteen 
bronchopulmonary segments. : 

METHODS 


In evaluating our results clinically, we compared the frequency and severity 
before and after operations, of such signs and symptoms as productive cough, 
hemoptysis, chest pain, dyspnea, weight loss, fever, and attacks of pneumonia, 
pleural effusion, sinusitis, and respiratory infections. The roentgen evaluation 
includes standard posteroanterior and lateral views and fluoroscopy in all pa- 
tients and postoperative bronchograms in four patients. The physiologic meth- 
ods have been described by Cournand.’* The investigations have included frae- 
tionation of lung volumina, maximum breathing capacity, carbon dioxide and 
oxygen values of arterial blood, and exhaled gases at rest and following a stand- 
ard one-minute exercise test. Cardiac catheterization using a water manometer 
was done in two patients, and in one patient the Sanborn double channel re- 
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corder was used. One patient had bronchospirometry. Patients were studied 
when the bronchial tree was relatively dry after a period of antibiotic therapy 
and postural exercises. 

Abbreviations used in this report are listed: 


M.B.C. Maximum breathing capacity 

VC Vital capacity 

IC Inspiratory capacity 

ER Expiratory reserve 

RA Residual air 

TC Total lung capacity 

Alv.N % Alveolar nitrogen after seven minutes of oxygen 
breathing 

MV Minute ventilation expressed in liters per m.m? B.S.A. 

O, Sat. % Arterial oxygen hemoglobin saturation 

CO, V. % Arterial carbon dioxide volumes per cent 


GROUP 1. PATIENTS WITH PNEUMONECTOMY 


Material.—The ages of the three men at the time of operation were 50, 36, 
and 25 years. All patients had clinically severe bronchiectasis with a chronic 
cough productive of from 60 to 240 ¢c.c. of purulent sputum daily. One patient 
had suffered five attacks of pneumonia, two patients were considerably under- 
weight, and one had had severe hemoptysis. The patients have been followed 
clinically for twenty-four to thirty-six months. Physiologie studies were done 
before operation and at intervals from nine to twenty-two months after operation. 


Results ——The general health of the three patients is greatly improved. 
One patient is asymptomatic and the other two have an infrequent cough pro- 
ductive of not more than 8 ¢.c. of sputum daily. One patient is dyspneic on 
moderate exertion, but less so than before pneumonectomy (Table I). 


TABLE I. PNEUMONECTOMY. BILATERAL BRONCHIECTASIS 








| CASE 1, S. C., AGE 50 | CASE 2, R. R., AGE 36 | CASE 3, R. K., AGE 25 
| BEFORE | AFTER | BEFORE | AFTER | BEFORE | AFTER 


Cough Frequent Infrequent Frequent 0 Frequent Rare 
10 yr. 30 yr. Mi ye: 
Sputum 60 c.e. 8 ee. 120 ‘ce. 0 240 e.e. 4 ee. 
purulent clear purulent purulent thick 
Dyspnea ++++ ++ 0 0 0 
Hemoptysis 0 0 1948 0 0 
Respiratory in- Very fre- 0 Frequent Very fre- 0 
fections quent quent 
Residual bron- L. U. ant. segment R. basal R. U. Ant. segment 
chiectasis Moderate Mild Moderate 











Results of the physiologic studies are given in Tables II and III, and may 
generally be summarized as follows: 


1. A decrease in maximum breathing capacity, total lung capacity, inspira- 
tory capacity, and expiratory reserve occurred in each patient. A 54 per cent 
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TABLE IT. VENTILATORY STUDIES. PRE- AND POSTOPERATIVE PNEUMONECTOMY 











PATIENT DATES | M.B.C. | 
DATE OF OF PRE- | 
OPERATIONS STUDIES | DICTED| TC | vc Io | 


Case 1, S. C. Preop. 
Right pneu- 1/12/50 =88 23¢ 1596 794 8 2512 41 2.19 
monectomy PB... 0; 46 
1/19/50 9/15/50 ‘oy 3115 1824 1036 91 2078 41 2.00 


| 
| RA x 100 
ER | RA FRA TC | ALV.N, 








Case 2, R. K. Preop. 
Left pneu- 7/ 3/50 = 98 3358 1907 35 27 
monectomy P.O 82.5 
7/18/50 3/20/51 7299 3337 2280 1223 5 31 1.37 


Case 3, R. R. Preop. 
Left pneu- 1/16/51 98 5906 3876 2301 157: 30 3605 4.24 
monectomy P. O. So 
1/19/51 11/14/52 123 4722 2943 1824 9 2896 37 1.51 





reduction of the preoperative value in one patient (Case 1, S. C.) produced a 
maximum breathing capacity of only 51 per cent of the predicted normal, 
representing moderately severe ventilatory insufficiency. 

2. Only one patient (Case 1, S. C.) had a significantly elevated residual 
air-total capacity ratio (41 per cent). This was unchanged by pneumonectomy. 

3. The alveolar nitrogen after seven minutes of oxygen breathing was 
elevated in two of the three patients before pneumonectomy but was normal in 
all patients after operation, indicating improvement in intrapulmonary mixing 
of gases. 

4. The patients after pneumonectomy had a low normal or slightly sub- 
normal resting and post-exercise arterial oxygen saturation, representing a 
marked improvement in exercise response for one patient (Case 1, S. C.) even 
though there was considerable loss in maximum breathing capacity. The im- 
provement was due to the removal of a lung which was consuming only 4 per 


TABLE III. EXERCISE RESPONSE PRE- AND POSTPNEUMONECTOMY 
PATIENT DATE | ACTIVITY | MV | _0,CONS. | CO,PROD. | 0,SAT. %| COV % 
Preop. Rest aes Saee Sous 82.0 ees 
1/12/50 Post 
Case 1, S. C.* exercise ee Bere pean ee 
R. pneumonectomy P.O. Rest 184 161 94.2 48.6 
1/19/50 9/15/50 ~=Post 
exercise .664 492 i 44.7 


Preop. Rest = 242 
7/3/50 ~=Post 
Case 2, R. K. exercise 850 
L. pneumonectomy PaO; Rest 5.f .212 
7/18/50 3/20/51 Post 
exercise 


Preop. Rest 

1/16/51 Post 
Case 3, R. R. exercise 13 783 
L. pneumonectomy P.O. Rest 8.53 178 

1/19/51 11/14/52 Post 
exercise 18.0 .674 














*This patient was too dyspneic to complete the exercise test. 
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cent of the total oxygen uptake, as determined by bronchospirometry. In the 
other two patients the preoperative and postoperative response to exercise was 
only slightly altered by operation. 

In summary the three patients with pneumonectomy and limited contra- 
lateral bronchiectasis have obtained symptomatic improvement without develop- 
ing or inereasing already existent dyspnea. A slight to moderate degree of 
respiratory insufficiency was objectively determined in the group. 


GROUP 2. PATIENTS WITH BILATERAL PULMONARY RESECTIONS 


Material_—aAt the time of the second operation the ages of the four men 
and six women patients ranged from 12 to 47 years, the average age being 26.7 
years. Six patients had chronic sinusitis and four had exogenous (nonbacterial ) 
allergic asthma. One patient had situs inversus. The number of segments 
removed ranged from 7 to 13, the average being 10.1. The interval between 
the first and second operations ranged from five to forty-six months, and the 
follow-up clinically was from three months to fourteen years after the second 


resection. 


Results.—Of the ten patients operated upon, eight were improved and two 
died in the late postoperative period. The first patient who died had a family 
history of tuberculosis and had had a cough since the age of 5 years. At the age 
of 7 years he spent eight months in a sanatorium. No tuberculosis was found. 
At the age of 11 years bronchography revealed bilateral bronchiectasis. When 
he was 15 one of four cultures was positive. A second positive sputum was never 
obtained. Roentgenograms taken twice yearly were repeatedly interpreted as 
negative for pulmonary tuberculosis. When he was 25 years old all the left 
basal and lingular segments were resected, and the following year a right mid- 
dle and right lower lobectomy was performed. Initial improvement was striking 
and the patient exhibited little if any dyspnea. Clinical evidence of active 
tuberculosis developed seven months later; death occurred fifteen months after 
the second operation. Autopsy revealed bilateral cavernous tuberculosis, chronic 
pleuritis, bilateral emphysema, and moderate right ventricular hypertrophy. 

The threat of active tuberculosis following lung resection for nontuberculous 
disease has recently been emphasized by Rothstein and Gerson’ and earlier by 
Lambert,!® who reported a 12.8 per cent incidence of tuberculosis in seventy- 
eight patients surviving lung resection for nontuberculous bronchiectasis. 

If, as seems likely, overdistention of remaining lung tissue is one of the 
factors responsible for the development of active tuberculosis or activation of 
latent tuberculosis following pulmonary resection, then great caution is par- 
ticularly indicated before bilateral resections are performed. In our patient the 
solitary positive sputum at the age of 15 years and the discovery by the patholo- 
gist of caseating tubercles in the left lower lobe after the first resection were 
clues which might well have contraindicated the resection on each occasion. 

The second patient (Case 11, W. R.) died of respiratory insufficiency thirty- 
four months after the bilateral resections were completed. This patient was 
dyspneie prior to operation and produced 500 e¢.c. of thick secretions. Follow- 
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ing a left lower lobectomy and lingulectomy, a bronchopleural fistula developed 
which healed spontaneously in five weeks. The patient gained seventeen pounds, 
subjective dyspnea was essentially unchanged, and the cough was only half as 
productive. A conservative regimen, including antibiotics, was employed dur- 
ing the next year but secretions were not further reduced. <A right lower lobee- 
tomy was then performed. The immediate postoperative course was uneventful. 
He later became increasingly dyspne‘e with clubbing of the fingers, distended 
neck veins, and cyanosis. Profuse secretions necessitated frequent bronchos- 
copies but progressive ventilatory insufficiency and death occurred. Unfor- 
tunately facilities for functional evaluation of this patient were not available 
prior to the operations performed. He was examined in the laboratory for the 
first time seven months after the second resection. 

The studies indicated marked ventilatory insufficiency, poor intrapulmo- 
nary mixing of gases and hypoxemia, both at rest and to a marked extent fol- 
lowing exercise. This patient had residual lesions in the left upper anterior 
segment, the right upper posterior segment, and in the right middle lobe. On 
the preoperative bronchograms, these areas were only minimally involved but 
the left upper anterior segment became much worse after the first operation. 
Because of the profuse secretions, we believe that the residual lesions were 
contributory to death in the patient who was already dyspneie prior to the 
first operation. Failure to preserve the apical segment of the right lower lobe 
for fear of the development of pleural complications and bronchiectasis may 
also have represented a lost opportunity to conserve function. 

Of the eight patients who survived bilateral resections, three are greatly 
improved, four are moderately improved, and one is slightly improved clinically. 
The symptoms most consistently ameliorated by the bilateral resections were 
the productive cough and periodic attacks of pneumonia and sinusitis. The 
average amount of daily sputum prior to the first operation was 120 ¢.¢.; prior 
to the second operation it was 48 e.c. and following the second operation it was 
reduced to 29 ee. (Table IV). 


TABLE IV. SyMpToMS FOLLOWING BILATERAL RESECTIONS 








PRODUCTIVE COUGH a DYSPNEA. 
PREOP. 2 





PREOP. 1 | PREOP. 2 | p.0.2 | PREOP. 1 
240 ee. 30 c.c¢. 8 ¢.c. 0 
240 ee. j .C. C.c. 0 
60 ee. 12 ¢.¢. § ee. 0 
60 e@.e. S 6.6 ce. 2+ 
60 @.e. 30 ¢.¢c. C.€. 0 
Case 9, 60 e@.e. 30 e.c. C.e. 0 
Case 10, S. W. 20° ce, .€, ¢.c. 0 
Case 11, W. R. 500 ¢.e. 240 ce.c. 240 e.c. 2+ 
Case 12, D. H. 240 e.e. 16 4 ee. 0 
Case 13, V. B. 60 ee. 30 ¢@.e. 16 ee. 1+ 





~ 


OO ASD Oe 
rm a 
. 


ay 


Q 
aH 





Subjective dyspnea was present in three patients prior to the first operation 
and was not increased by the first resection. Following the second resection, 
however, dyspnea increased in these three patients and developed for the first 
time in four of the remaining seven patients. These complaints of subjective 
dyspnea were matched by the objective physiologic determinations. 
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The results of the physiologic studies on nine patients are given in Tables 
V and VI and in general were as follows: 


1. The maximum breathing capacity was reduced in eight patients to from 
25 per cent to 83 per cent of the predicted normal values. 

2. The vital capacity was reduced in eight patients to from 40 per cent to 
95 per cent of the predicted normal values. 

3. The youngest patient (Case 6, L. L.), a high school athlete, was the only 
patient with a normal maximum breathing capacity and vital capacity. 

4. The residual air-total capacity ratio was elevated in all patients. The 
range was 36 per cent to 64 per cent, the average being 50 per cent, indicating 
considerable overdistention of the remaining lung parenchyma. 

5. The alveolar nitrogen after seven minutes of oxygen breathing was 
significantly elevated in two patients, indicating impairment of intrapulmonary 
mixing of gases. 

6. Hyperventilation was present at rest in eight patients and following 
exercise in six patients. 

7. Hypoxemia was present at rest in seven patients and after exercise in 
nine patients, seven of whom had arterial oxygen saturations below 90 per cent. 
8. One patient had excessive accumulation of arterial carbon dioxide. 

An opportunity to evaluate physiologic changes both before and after each 
of the bilateral resections was presented by the patients in Cases 6, 7, and 8. 

In Case 6, L. L., the patient had a subnormal M.B.C. initially. <A slight 
fall occurred shortly after the first resection, with rapid increase thereafter to 
normal. The second operation did not noticeably interfere with this increase. 
The RA-TC ratio decreased considerably after the first operation due pre- 
sumably to the removal of localized emphysematous lung parenchyma. This 
was verified histologically. After the second resection the RA-TC ratio increased 
to 40 per cent indicating slight generalized overdistention. Blood gas studies 
were not obtained before the first operation, but the changes preceding and 
following the second resection were inconsequential. Essentially the physio- 
logic adjustment has been good following each operation. The present favorable 
status of this patient is believed to be due to the following: 1. There are ap- 
parently no residual or new lesions. 2. There were no complications with either 
operation. 3. Nine segments remain. 4. The asthmatic component is mild. 5. 
Youth. The age of maximum functional capacity is still to be attained. 

In Case 7, P. S., the maximum breathing capacity was decreased only 
slightly following each operation, but the RA-TC increased considerably, more 
so after the first operation. An appreciable gain in total residual air with 
little change in vital capacity followed the second operation, resulting in an 
increase in total lung capacity and a final RA-TC ratio of 55. A significant 
drop in arterial saturation followed the second operation. The increase in 
respiratory insufficiency occurring mainly after the second operation is believed 
to be due to progressive emphysema of the lung due to spatial adjustments in 
a patient with moderately severe allergic asthma. There are ten segments re- 
maining and no new or residual lesions. 
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The ventilatory and blood gas changes following the first operation were 
mild in Case 8, B. C. The present physiologically poor state developed follow- 
ing the second resection and is believed to be due to: 1. Complications after the 
second resection (bronchopleural fistula and pleuritis, a second thoracotomy 
to close the fistula, and a temporary phrenemphraxis). 2. Only five segments re- 
main. 3. The patient has allergic asthma. 4. There are no residual or new 
lesions. 5. The studies were performed three months following the second 
resection. 

It is anticipated that improvement in bellows action will oceur with return 
of diaphragmatie action. Whether or not this will be offset by a further in- 
crease in the RA-TC ratio remains to be seen. 

In summary, of the patients studied physiologically* with bilateral resec- 
tions, one patient has died of respiratory insufficiency and eight patients have 
obtained varying degrees of clinical improvement, exclusive of dyspnea which 
is newly developed or increased in six of these nine patients. All patients have 
some evidence of respiratory insufficiency, primarily ventilatory in nature, 
which is marked in five patients. 


ROENTGENOGRAPHIC RESULTS 


Group 1.—Postoperative bronchograms were not made in the patients who 
had a pneumonectomy. These patients have had no symptoms or signs of 
progression of the residual bronchiectasis. Standard roentgenograms show no 
indirect evidence of increasing lesions such as honeycombing, atelectasis, peri- 
bronchial pneumonitis, and fibrosis. A moderate ipsilateral mediastinal shift 
was present in each patient. This roentgen finding correlated with the mild 
overdistention of the lung detected by residual air determinations. Postpneu- 
monectomy thoracoplasties were not done in these patients. 

Group 2.—Of the ten patients who have had bilateral resections, four have 
had recent postoperative bronchograms. The four patients all became severely 
dyspneie and cyanotic during the examination, so much so that we discontinued 
bronechography on the remaining patients for fear of a fatality. Two patients 
were able to tolerate bronchographiec fill of only one side because of severe 
hypoxia. These responses constitute additional evidence of a very low pul- 
monary reserve since it has been shown that only small reductions in vital 
capacity and inconsequential impairment in alveolocapillary gas exchange occur 
after bronchography unless an abnormally high gradient already exists. 

Three of our patients developed new lesions or showed progression of pre- 
existing bronchiectasis after operation. This phenomenon has been attributed 
by Ettinger and her associates’? to such postoperative complications as pleurisy, 
atelectasis, and, less commonly, to bronchial rearrangement. 

In Case 5, J. C., previously existing bronchiectasis in the lingula became 
much worse and new lesions appeared in the left upper anterior segment fol- 
lowing uncomplicated resection on the left side. This presumably was due to 
spatial adjustment (Figs. 1 and 2). 


*Case 4, R. S. The patient died of pulmonary tuberculosis and was not studied physiolog- 
ically. 





Fig. 1. Fig. 2. 


Fig. 1 (Case 5, J. C.).—Preoperative bronchogram. Bronchiectasis is present in the 
right middle and lower lobes, the left lower lobe, and lingula. The upper anterior segmental 
bronchus is incompletely filled. 

Fig. 2 (Case 5, J. C.).—A left lower lobectomy and subsegmental lingulectomy has been 
performed. The bronchiectasis in the lingula and left upper anterior segment has increased 
markedly. 


Fig. 3. Fig. 4. 


- Fig. 3 (Case 11, W. R.).—Preoperative bronchogram. There is bronchiectasis in the 
right middle and right lower lobes, left lower lobe, and lingula. The left upper anterior seg- 
ment, which is incompletely visualized, appears to contain minimal bronchiectasis. 

Fig. 4 (Case 11, W. R.).—After left lower lobectomy and lingulectomy, the anterior seg- 
ment is markedly bronchiectatic. 
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Fig 5 (Case 11, W. R.).—A roentgenogr: im taken five months before death from re- 
spiratory insufficiency. The right middle lobe is collapsed. Areas strongly suggestive of 
bronchiectasis and pulmonary fibrosis are scattered throughout both lung fields. 


Fig. 6. Pig. 7. 


Fig. 6 (Case 12, D. H.).—Preoperative bronchogram. There is minimal bronchiectasis 
visible in the right upper anterior segment, as well as obvious lesions in the right middle and 
right lower lobes. 

Fig. 7 (Case 12, D. H.).—The anterior segment has become dependent and markedly 
bronchiectatic following right middle and right lower lobectomy. 





THE JOURNAL OF THORACIC SURGERY 


In Case 11, W. R., bronchiectasis in the left upper anterior segment in- 
creased greatly after left upper lobectomy and lingulectomy which were com- 
plicated by a bronchopleural fistula (Figs. 3 and 4). We believe the natural 
progression of the disease, as well as pleural complications and bronchial re- 
arrangement were responsible. Prior to death widespread areas of honeycomb- 
ing and pulmonary fibrosis (Fig. 5) were found in this patient whose symptoms 
had begun only five years earlier following an attack of pneumonia. 

In Case 12, D. H., right upper anterior bronchiectasis increased following 
right middle and lower lobe lobectomies, complicated by delayed expansion 
(Figs. 6 and 7). 

CARDIAC CATHETERIZATION 

The mean pulmonary artery pressure at rest was slightly elevated in one 
of the three patients, Case 11, W. R. This patient also had some clinical evi- 
dence of right heart failure prior to death, which was primarily due to respira- 
tory insufficiency. Since it has been shown that hypoxia,!* exercise,’® and ex- 
tensive reductions in the pulmonary vascular bed ecan,”° under certain cireum- 
stances, cause appreciable increases in pulmonary artery pressure, it is interest- 
ing to speculate to what extent these factors influenced the mild degree of 
pulmonary hypertension in this patient. 

The pulmonary artery pressures postoperatively were within normal limits 
in the two patients who have only five remaining bronchopulmonary segments: 





MONTHS AFTER SECOND 
P.A, PRESSURE MM. Hg RESECTION 

Case 8, B. C. 30-25/10 3 

Case 11, W. R. 19 mean 17 

Case 12, D. H. 12 mean 18 











DISCUSSION 

The results obtained in those of our patients who had bilateral resections 
are generally in agreement with those reported by Taylor and his co-workers.® 
The conditioning influences prevailing in each series are broadly comparable. 
The respiratory insufficiency which they found was somewhat less severe than 
in our patients. They found an elevated residual air fraction in all ten patients 
and hypoxemia in seven patients. Of the patients studied by Overholt”! only 
four of eight patients had elevations in the residual air and one of five patients 
had hypoxemia at rest. Blood gas responses to exercise in this series were not 
reported. 

In our experience the general improvement which often follows extensive 
lung resections for bronchiectasis is marred by subjective and objective evidence 
of respiratory insufficiency. If resection can be undertaken with little fear 
of the development of serious respiratory insufficiency, the choice of action is 
clear and the risk of operations is well taken. When certain physiologically 
unfavorable premonitory signs are present which augur for a poor prognosis 
we must ask ourselves how we can improve our selection of patients for opera- 
tion and how we ean avoid increasing the disability if operation is performed. 
Seannell*? has recently stated that the antibiotics not only increase the safety 
of the operation but also the safety of having the disease. Conservative treat- 
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ment may be more frequently indicated instead of operation, or it may be indi- 
eated following the first resection even when the lesions are equally distributed 
bilaterally. 

The respiratory insufficiency found after operation has been attributed 
mainly to residual lesions by some and to postoperative pleural complications by 
others. We believe that respiratory insufficiency following extensive resections 
is due to many different factors such as the age of the patient, the presence of 
pre-existing extrinsic allergic asthma and emphysema, the number of residual 
lesions, development of new lesions, the paucity of remaining segments, and 
surgical complications such as bronchopleural fistula with pleuritis, atelectasis, 
pneumothorax, pleural effusion, and phrenemphraxis. In any one patient, 
multiple factors usually prevail as is evident in our series (Table VII). 

The two most constant factors in those patients who responded poorly were 
the postoperative pleural and pulmonary complications and the presence of 
residual lesions. However, residual lesions were present in fifty-five of Rose- 
mond’s patients,”* and 25 per cent of these had no cough or symptoms of any 
kind. One of our patients, Case 5, J. C., has severe residual bronchiectasis in 
three segments. Although the patient’s maximum breathing eapacity is con- 
siderably diminished, she has a very good clinical result and an excellent physio- 
logic response to the exercise test. Radiographically demonstrable bronchiecta- 
sis does not necessarily insure either symptoms or physiologie disability. Our 
three oldest patients had the poorest functional results in the bilaterally resected 
group. The two youngest patients had the best results. It is apparent that each 
patient upon whom extensive resections for bronchiectasis are contemplated must 
be individually evaluated at various stages of surgical treatment. For example, 
the preoperative study of the oldest and one of the most dyspneic patients 
(Case 1, S. C.) indicated that the removal of the well-perfused, but poorly 
ventilated, diseased lung would improve rather than impair the pulmonary 
reserve. 

When respiratory insufficiency appears imminent the question of what in- 
fluence the operation will have on the physiologic status must be considered. 
Will the operation remove one or more of the conditions contributing to the 
respiratory insufficiency? Among the conditions which will be minimized or 
eliminated by resection are the following: (1) the toxie factor of the infection, 
(2) the mechanical factor of secretions of bronchiectatie origin, (3) the perfused 
atelectatice or locally emphysematous lung acting as a pulmonary systemic shunt, 
and (4) allergic (endogenous) asthma. 

Conditions which are likely to persist as functional handicaps following 
resection include the following: 


(1) Chronie pleuritis, (2) chest wall deformities, (3) generalized em- 
physema and pulmonary fibrosis, and (4) allergic (exogenous) asthma. 

Perhaps when approached from this point of view, together with careful 
preoperative clinical and functional evaluation and an appreciation of the 
incidence of physiologically disabling postoperative complications, a lower 
incidence of significant respiratory insufficiency may be anticipated. Addi- 
tional information from other series is needed. 
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SUMMARY AND CONCLUSIONS 

1. The results of surgical treatment in thirteen patients with bilateral 
bronchiectasis have been reviewed. 

2. Three patients with pneumonectomy and localized residual disease have 
excellent clinical results with little functional disability. 

3. Of ten patients with bilateral resections, there were two late deaths. 
One was due to tuberculosis and one was due to respiratory insufficiency. The 
other eight patients are generally improved although all have various degrees 
of respiratory insufficiency as detected by objective methods. 

4. Factors responsible for respiratory insufficiency have been discussed. 

5. A plea is made for more frequent use of pulmonary function studies as 
an adjunct to, but not as a substitute for, careful clinical evaluation. 
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DECISIONS IN THORACIC SURGERY AS INFLUENCED BY THE 
KNOWLEDGE OF PULMONARY PHYSIOLOGY 
WaARRINER Wooprurr, M.D., AND CarL G. MERKEL, M.D., SaRANAC Lake, N. Y., 
AND GEORGE W. WriGHT, M.D., TrRupEau, N. Y. 


HIS paper is concerned with decisions in thoracic surgery as influenced by 

knowledge of respiratory physiology and represents our current thinking in 
an admittedly changing field. It is not our purpose to present detailed statistical 
data, nor will any attempt be made to compare the therapeutic effectiveness of 
the various procedures, except in so far as they relate to pulmonary function. 

The choice of surgical therapy in treatment of disease of the respiratory 
system presupposes that it offers the best method of cure or amelioration. Tech- 
niques in surgery and anesthesia have advanced to the point where a patient is 
seldom encountered with pulmonary reserves so limited that he will not tolerate 
the removal of a few ribs or a thoracotomy done with proper precautions. If, 
however, normal lung tissue must be collapsed or resected, a procedure extensive 
enough to accomplish the desired result might not be tolerated. The current 
mortality rate of both thoracoplasty and resection, exclusive of pneumonectomy, 
is so favorable that the criterion of a successful procedure is no longer solely that 
a patient survive the operation and have the disease arrested or eradicated. 
Our present goal should include the conservation of as much of the patient’s 
cardiorespiratory abilities as possible while bringing the disease under control. 
We believe that the preservation of reserves for the unforeseeable cardiorespira- 
tory insults of the future is an important consideration and our choice of a 
particular method of therapy is based on the premise that the method chosen 
shall combine the greatest possible chance of cure with the least risk to the 
individual and the least damage to the cardiorespiratory apparatus. The choice 
of a particular operation is frequently complicated by the fact that one method 
may be safer but not as promising regarding cure, and vice versa. Different 
surgeons with the same evidence may decide on different procedures accord- 
ing to their experience. 

Commonly the surgeon’s assessment of a patient’s ability to withstand 
a particular operation is based solely on clinical judgment, a method we all 
use but find difficult to detine. These clinical methods involve examination of 
the roentgenogram, observation of the ease of breathing, the appearance of 
the chest as to whether it is thin and narrow or thick and barrel-shaped, the 
speed with which the chest can be emptied, and whether breathing is sym- 
metrical. Usually an attempt is made to determine the effect of exercise on the 
pulse rate and on the ease and comfort of breathing and to note whether 
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cyanosis develops. Breath-holding tests are also commonly used. Many 
patients have undergone surgery successfully with no more evaluation than 
ean be gathered from such evidence. On the other hand, most of us have 
experienced unanticipated cardiorespiratory difficulties in patients thus as- 
sessed. 

In the patient with borderline or limited reserves, it is essential that we 
know as much as possible about the true preoperative state of the cardio- 
respiratory apparatus. Such data are useful, not only from the standpoint of 
determining whether or not he will tolerate a given procedure, but also to 
enable us to choose the particular procedure that he will tolerate best and 
that will be most conserving of function. 

Case 1.—The case report of this patient, F. H. (Fig. 1), bears on the reliability 
of clinical judgment in choosing patients for thoracic surgical procedures. This 31-year-old 
patient had active extensive bilateral tuberculosis in 1937. On prolonged bed rest, the left 
lung cleared but some residue remained. In 1939, on the basis of x-ray evidence, it was 
thought that the left lung was stable and, although not necessarily normal, was in condition 
to permit a thoracoplasty on the right. Bronchoscopy demonstrated so little movement of 
exudate in the stenosed right main bronchus that the right lung was believed to be non- 
functioning. The patient complained of slight dyspnea but on the basis of clinical evidence 
the patient’s condition was considered suitable for a right-sided thoracoplasty. 


A. B. 


Fig. 1 (Case 1).—F. H. was a 31-year-old woman. A, May 27, 1937, extensive bilateral 
involvement. B, July 14, 1939, prethoracoplasty, marked clearing of shadows in both lungs; 
residual cavity, right; extensive bronchial disease, with obstruction right main bronchus. 


An eleven-rib thoracoplasty was carried out during a period of two and one-half 
months, the last stage removed the seventh through the eleventh ribs, but only short seg- 
ments were taken of the lower three ribs. The first two stages were tolerated sufficiently 
well to encourage the carrying out of the third stage. Following the last operation, how- 
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ever, the dyspnea became very extreme. Distress was so great that the patient could not 
get out of bed. During the ensuing months she slowly improved, and finally was able to 
earry out self care. It was noted that during the premenstrual period, breathlessness was 
so severe that she was unable to tolerate even this slight amount of exertion. One year 
after the thoracoplasty, the first physiologic studies were made. At that time, the 
maximum breathing capacity was measured to be 20 L. in the intermenstrual period but 
fell to 10 L. in the immediate premenstrual period. This patient is still living, sputum 
is negative, and she is able to do a very modest amount of housework. Slight exertion 
is accompanied by severe dyspnea. Current physiologic studies show that the maximum 
breathing capacity is still 20 L. and that the residual air is increased and constitutes 69 


per cent of the total volume. 


12-18-52 


Fig. 1C.—Dec. 18, 1952, thirteen years postthoracoplasty, right. 


It is clear that this patient at the time of the operation must have had severe diffuse ob- 
structive emphysema which was unrecognized prior to the operation. Although she survived, 
the early postoperative period was one of great distress and danger. If physiologic studies 
had been done preoperatively, we would have handled this case differently. 


Other examples of a surgical crisis stemming from failure of clinical 
evaluation to recognize adequately the severe degree and nature of pre- 
operative cardiorespiratory impairment could be shown from the experience of 
ourselves and others. That such events occur relatively infrequently is ex- 
plainable by several facts. First, the cardiorespiratory abilities needed to 
sustain life are small when compared to the reserves with which the normal 
human being is originally endowed. In normal persons the cardiac output 
can be augmented four or five times its resting level, and respiration can be 
increased fifteen- to twentyfold for brief periods and maintained at tenfold 
for moderately long periods. With such enormous reserves at the outset, 
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large portions of the eardiorespiratory abilities can be lost, and an individual 
will still possess sufficient powers to survive a thoracic surgical procedure. 
Second, thoracic surgical skill and preoperative and postoperative care have 
been so improved that little physiologic reserve is needed to sustain life 
throughout the operation and the postoperative period. The patient in Case 1 
probably had but little greater breathing power before the thoracoplasty than 
she now has. Nevertheless, she survived the procedure. We have carried out 
a conventional seven-rib thoracoplasty by doing it in small stages over a non- 
functioning lung in a severely emphysematous 47-year-old man whose pre- 
operative maximum breathing capacity was 38 L., whose residual capacity 
was 50 per cent of the total volume, and whose arterial blood revealed carbon 
dioxide retention and mild hypoxia at rest. 

A third factor which reduces the incidence of postoperative cardio- 
respiratory difficulties is the rejection of the bad risk. Since these rejected 
patients are not operated upon, there is no way of evaluating the adequacy 
of the clinical method for assessing their suitability for operation. During 
the past fourteen years, we have studied a number of patients who, previously, 
on the basis of clinical evaluation alone, had been rejected for thoracic 
surgery. One of the encouraging facets of our work has been the demonstra- 
tion by more objective physiologic methods that some of these rejected 
patients actually possessed sufficient cardiorespiratory powers to permit a 
properly chosen thoracic surgical procedure. On a few occasions we have 
found, by quantitative methods, such severely impaired respiratory reserves 
that we believed the surgical procedure necessary to effect a cure was a 
greater hazard to life than the disease itself. Thus far, none of these 
patients has been subjected to surgery and we are, therefore, not in a position 
to evaluate the correctness of our opinion in these particular eases. 

We do not wish to give the impression that we believe the more objective 
and quantitative physiologic methods of evaluating cardiorespiratory reserves 
should in any way exclude the conventional clinical observations. On the 
contrary, we are definitely of the opinion that the two approaches are com- 
plementary. 

The various physiologic processes whereby gas exchange between the 
atmospheric air and the pulmonary eapillary blood and whereby blood is 
delivered to and returned from the tissues can be quantitated at rest and 
under the stress of exercises by appropriate methods, We have found that 
although these methods add greatly to our study of the effects of disease 
and therapeutic procedures upon ecardiorespiratory function, not all are 
essential for an adequate evaluation of the preoperative status of the patient 
being considered for a thoracic surgical procedure. 

Fluoroscopie observation with particular attention to the degree to which 
the lungs ean be filled and emptied, to the speed with which filling and, 
especially, emptying can be accomplished, to evidences of less complete 
emptying or filling of one portion of the lungs as compared to the other, to 
movements of the mediastinum, and to the eardiae silhouette will give a well- 
trained fluoroseopist a good evaluation of the normality of the respiratory 





160 THE JOURNAL OF THORACIC SURGERY 


pump. Impaired mobility of the thoracic parietes, regional or diffuse airway 
obstruction, and abnormalities of the cardiac silhouette that are of a degree 
significant in our clinical problems can be recognized though not quantitated 
except in relative terms by fluoroscopic examination. This procedure by 
itself permits us to recognize those who have sufficient functional abnormality 
to warrant further quantitative study. Roentgenograms taken at the extremes 
of inspiration and expiration are useful to confirm the fluoroscopic study and 
to afford a more leisurely examination. We believe they should be obtained 
in all cases. By a “trained-fluoroscopist” we mean a person who has had the 
opportunity of repeatedly checking his fluoroscopically based opinion against 
quantitative physiologic measurement. Whenever there is any question as 
to the abnormality revealed by the fluoroscopic study, and in every case when 
a decision depends heavily upon accurate knowledge of respiratory capacity, 
quantitative procedures should be earried out. In essence, we consider the 
fluorosecope a “screening” tool. 

The maximum ability of a person to pump air into and out of his lungs 
is best estimated quantitatively by measuring the maximum breathing capac- 
ity... This procedure can be carried out in one of several ways but all are 
based upon raising the incentive of the patient high enough to obtain a 
maximum effort. At times the maximum effort may not be obtained, but 
from a practical point of view the difference between an absolutely maximal 
effort and a good effort is of relatively little importance. At times, even 
though the effort is clearly submaximal, the power of the breathing pump will 
have been shown to be sufficient to warrant classifying the patient as a good 
surgical risk. When, however, the breathing reserve is low, every effort 
should be made to obtain a maximal effort during the measurement of the 
maximum breathing capacity. This test, properly carried out, measures the 
integrated action of the thoracic parietes, the ease with which air flows 
through the tracheobronchial structures, the ease with which the lung itself 
can be distended and collapsed, and the coordination of the muscles involved 
in respiration. Impairment of any of these factors will be reflected in a 
lowering of the maximum breathing capacity. 

It is frequently essential that accurate knowledge be obtained of the 
degree to which each lung and sometimes single lobes participate in respiration 
and gas exchange. The technique of bronchospirometry” serves this purpose. 
Although fluoroscopic observation will supply a notion as to how much each 
lung participates in respiration, and angiograms will give some idea as to 
circulation via the pulmonary artery, neither has sufficient precision and 
reliability to depend upon them alone when a critical decision must be made. 
Moreover, bronchospirometry is the only method that will reliably measure 
the extent to which each lung participates in oxygen uptake. 

The procedures thus far mentioned, together with the customary clinical 
evidence, will provide sufficient information in most cases upon which to 
base a decision concerning the operative risk and choice of operation. 

When the maximum breathing capacity is moderately or severely reduced, 
one always suspects the presence of diffuse obstructive emphysema. This 
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abnormality is the most common cause for respiratory impairment and is the 
condition most likely to lead to operative and early postoperative crisis. A 
low maximum breathing capacity is also to be found in pathologie conditions 
other than diffuse obstructive emphysema. Because of its serious import, 
it is essential that the surgeon recognize those patients whose low maximum 
breathing capacity is caused by diffuse obstructive emphysema as contrasted 
to those whose low maximum breathing capacity is not due to diffuse airway 
obstruction. Measurement of the residual capacity will aid in this regard 
because diffuse obstructive emphysema of a significant severity is always 
associated with an increase of the residual capacity both in absolute terms and 
also when expressed as a percentage of the total lung volume. Pulmonary 
volumina measurements must be interpreted with caution. A reduction of 
total volume may cause a normal residual capacity to appear to be increased 
when expressed as percentage of total volume. A combination of low 
maximum breathing capacity and elevated residual capacity expressed in 
absolute volumes is pathognomonic of diffuse obstructive emphysema. 

Study of the arterial blood and alveolar gases is rarely needed in 
evaluating the patient for thoracie surgery. We have not found arterial 
hypoxia to be a significant contraindication for surgery. Evidence that 
carbon dioxide is being retained is of great importance, but it is possible 
to proceed without blood gas studies on the basis that in all cases of diffuse 
obstructive emphysema, retention or at least subnormal elimination of carbon 
dioxide will be present whereas in other pathologie circumstances retention of 
carbon dioxide is rare. 

We have not found that the measuring of the volume of air breathed at 
rest or during mild exercise is of significant help in deliberations concerning 
the choice of operation or operability of the patient. Generally a reliable 
measurement of breathing discloses normal volumes at rest and during 
exercise in most persons whose disease is amenable to treatment by thoracie 
surgery. Pleural disease requiring decortication and arterial venous aneurysm 
of the lung are at times characterized by abnormally large air exchange, 
especially during exercise. In both of these situations the surgical correction 
is followed by a drop in the volume of breathing to near-normal or normal 
levels. 


The role of cardiae catheterization studies in the evaluation of patients 
for surgical treatment of pulmonary disease has not been established. There 
may be a limited and at times critical need for such study. 


We have deliberately omitted any discussion of measurements of the 
vital capacity because in our experience this procedure has had little value 
and at times has actually been misleading. 

Knowledge of the degree to which the lungs resist distention and collapse 
—reflected in the M.B.C. (maximum breathing capacity)—is of eritical im- 
portance in regard to the development of paradoxical chest wall motion. If 
the thoracie cage has its support removed, as by thoracoplasty or crushing 
injury to the thorax, a lung of normal resistance will to some extent keep the 
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chest wall from expanding properly during inspiration. When the lung has 
been made abnormally resistant to distention by fibrosis, airway obstruction, 
or envelopment in a pleural membrane, the impediment to chest wall motion 
is proportionately more severe. In the presence of airway obstruction, the 
chest wall not only sinks in during inspiration but also balloons out during 
expiration. The serious and at times fatal consequences of paradoxical chest 
wall motion are so familiar as to need no further discussion. 

Diffuse airway obstruction interferes with proper ventilation of the 
alveoli and leads not only to hypoxia but, equally important, to carbon 
dioxide retention. The severe degree of respiratory acidosis that may develop 
during an open-chest procedure, although by now adequately demonstrated, 
is inadequately appreciated.* That this situation would be especially prone 
to develop, and in fact be difficult to avoid, in the presence of diffuse obstrue- 
tive emphysema is readily understandable. The fact that severe acute 
respiratory acidosis is usually survived is no exeuse for ignoring its occur- 
rence. It is highly probable that some of the cardiac arrhythmias of the 
operative period are directly attributable to the acidosis. It is now well 
recognized that the inhalation of oxygen-enriched mixtures by persons with 
severe respiratory insufficiency secondary to diffuse obstructive emphysema, 
though it corrects the hypoxia, may lead to severe carbon dioxide retention 
and associated stupor, coma, and even death.t That a similar situation can 
develop during the operative and postoperative period when patients with 
severe obstructive emphysema undergo surgery was recently demonstrated to 
us. Recognition of this possibility and the institution of proper measures 
to avoid or treat the complication may be lifesaving. 

A lung that is already operating at a mechanical disadvantage because 
of increased resistance to deformation may be placed at further disadvantage 
by being further distended in order to fill a space left by the resection of lung 
tissue. This problem will be discussed in more detail later. Recognition and 
quantitative measurement of the severity of respiratory impairment caused 
by fibrosis and diffuse obstruetive emphysema is to us of sufficient importance 
and assistance in planning and carrying out thoracie operations to warrant the 
required laboratory procedures. 

The most important surgical procedures affecting respiratory function 
are thoracoplasty, resection, and decortication. The patient with impaired 
pulmonary function who is undergoing either thoracoplasty or resection is 
relatively safe while actually on the operating table. Surgical and anesthetic 
accidents are always a hazard but the surgical team is in its optimum position 
to intervene. The anesthesiologist, particularly if he has the control afforded 
by intratracheal anesthesia, should be able to maintain oxygenation and 
prevent dangerous accumulation of carbon dioxide, except in those patients 
with diffuse obstructive emphysema. In these, while the anesthetist can force 
air into the lungs, he usually has no means enabling him to assist expiration. 
In such patients, carbon dioxide retention with its potentially dangerous 
sequelae is virtually certain to develop. Judicious haste to keep the duration 
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of the anesthesia as short as possible is important in these cases. It is 
possible that intermittent hyperventilation with manual assistance to the 
expiratory phase might be useful. 

A clean airway is desirable at all times but is especially so in those 
patients with diffuse obstructive emphysema because the already narrowed 
airways are easily occluded. Good aspiration technique is essential. If 
the patient is properly prepared before the operation, there is usually a 
minimum of secretions, especially in the tuberculous patient who has been 
on long-term chemotherapy. In resection for bronchiectasis, the surgeon is 
more likely to encounter copious secretion and every effort to control these 
before and during the operation should be made. 

The early postoperative period is one of considerably greater hazard. 
Airway obstruction and carbon dioxide retention must be avoided regardless 
of the difficulties this may entail. Whereas the patient with good cardio- 
respiratory reserves will survive airway obstruction and its sequelae and at a 
later date appear none the worse, the patient with seriously impaired cardio- 
respiratory reserves under the same circumstances may not survive. Cough 
cannot be relied upon in these handicapped patients. To keep the airways 
clean in the presence of moderate to copious secretion may require aspiration 
every half hour for several days. Usually this can be accomplished by 
tracheal suction through an intranasal catheter, but where secretions are 
profuse or the patient’s reserves low we do not hesitate to perform a tracheos- 
tomy before the patient leaves the table. A clean airway will do much to 
prevent postoperative hypoxia and carbon dioxide retention. Control of pain 
by loeal anesthesia so that narcosis can be kept to a minimum is also important. 
Oxygen therapy should be used sparingly for the reasons discussed earlier. 
If the patient will not or cannot use the respiratory apparatus vigorously, it 
may be necessary to use a tank respirator with both negative and positive 
pressure. The use of this apparatus should not be delayed. 

Severe paradoxical chest-wall motion is a serious problem which may 
occur during the postoperative period. The larger the area of poorly 
supported chest wall and the more resistant the underlying structures are to 
distention, the more severe the paradoxical motion will be. Prevention is 
much more effective than treatment of this serious condition. Preoperative 
realization that the underlying tissues are more resistant to distention and 
collapse than normal gives ample warning that if a soft chest wall must be 
created, the area should be kept small. Resection of anterior ribs should be 
done with great caution because this area has no support after the ribs are 
removed and also because the first, second, and third ribs support almost the 
entire anterior chest wall. Better still, another procedure such as extra- 
periosteal plombage, which maintains a strong chest wall in the presence of 
the desired lung collapse, might be chosen. 

Following pulmonary resection it is important that the mediastinum be 
kept in as nearly normal a position as possible in order that the lung tissue on 
the opposite side have unimpaired expansion. The routine use of a drainage 
tube connected to a water seal and to wall suction at —15 em. of water pres- 





164 THE JOURNAL OF THORACIC SURGERY 


sure for the first forty-eight to seventy-two hours will protect against the 
development of an unusually high or low pressure on the operated side and 
consequent marked shifting of the mediastinum. If a large volume of good 
lung has been left on the side of the resection, the space is promptly ob- 
literated and significant displacement of the mediastinum does not develop. 
The question of handling a large residual space will be dealt with later. 

Sudden alterations of the cardiorespiratory system are less well tolerated 
than those that develop slowly. During the early postoperative period, this 
is especially evident. Vigilance and prompt vigorous countermeasures during 
the first twenty-four to forty-eight postoperative hours will save lives that 
would otherwise be lost. Preoperative knowledge of the degree and exact 
nature of cardiorespiratory impairment will assist the surgeon in avoiding 
postoperative emergencies and will greatly enhance his ability to recognize 
and cope with them. 

The limit of acceptable risk for resection and removal of functionless 
lung tissue is now remarkable. We have recently carried out preoperative 
studies on three patients subsequently operated on by Dr. Donald Miller of 
Burlington, Vt. Their maximum breathing capacities were 30, 20, and 18 L. 
and their residual capacities constituted 72, 74, and 78 per cent of the total 
volume. In none of these was there evidence of cardiocirculatory failure. 
All of these very severe cases of diffuse obstructive emphysema successfully 
underwent a thoracotomy and resection of blebs and bullae. In one of these 
eases, Dr. Miller used a respirator in the immediate postoperative period in 
order to overcome severe carbon dioxide retention. We have never attempted a 
thoracoplasty on such severe cases. 

CASE 2.—Nevertheless, one of us has done an extraperiosteal Lucite plombage creating 
a defect the equivalent of a six-rib thoracoplasty in one stage on a patient (Fig. 2), whose 
maximum breathing capacity was only 40 L., whose residual air of 3.62 L. was 62 per cent 
of the total volume, and whose lung on the side of the plombage was doing 36 per cent of the 
total oxygen uptake before the operation. This patient with severe diffuse obstrue- 
tive emphysema withstood the operation without difficulty. It is apparent that patients who 
have been thoroughly demonstrated to have severe respiratory impairment can undergo 
properly chosen surgical procedures involving the thorax if the surgeon is adequately fore- 
warned. 


Loss of function measured six months to one year following a conventional 
thoracoplasty is caused by collapse of functioning healthy lung tissue and limita- 
tion of motion of the thoracic parietes. Quite commonly no measurable loss of 
pulmonary function follows the thoracoplasty, especially if the operation is con- 
fined to the diseased area and severe scoliosis is prevented. In a series of 50 
cases that we studied before and one year after thoracoplasty, we found the 
maximum breathing capacity to be unchanged, or in some instances slightly 
increased, in twenty-three patients. The average decrease in the remaining 
twenty-seven cases was 1314 per cent with extreme of 35 per cent. 


In this series, 50 per cent of the patients had six or fewer ribs resected. 
Forty patients in this series had bronchospirometric studies before and after 
thoracoplasty. Of these, eleven showed no change or slight improvement of 





WOODRUFF ET AL.: PULMONARY PHYSIOLOGY AND THORACIC SURGERY 165 


B. 


Fig. 2 (Case 2).—D. R. was a 51-year-old man. Duration of disease was twenty-eight 
years. Dyspnea was present at rest and marked on slight exertion. A, Nov. 6, 1952, full in- 


spiration. B, Nov. 6, 1952, full expiration shows marked impairment of ability to exhale. 


Fig. 2C.—March 9, 1953, six days after a five-rib extraperiosteal thoracoplasty with Lucite 
plombage. 
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function on the side of the operation. The mean reduction in the remaining 
twenty-nine was 2214 per cent with extremes of 4 per cent to 46 per cent. In 
this series, twenty-one patients had four to six ribs resected with no more than 
two of the ribs being resected anteriorly. Of these, eight showed no change and 
the mean reduction of the remainder was 17 per cent, with extremes from 4 
per cent to 33 per cent. In nine of this series, a seven- or eight-rib thoracoplasty 
was done, and in this group all showed a decrease in function postoperatively, 
the mean being 20 per cent and the extremes 11 per cent to 44 per cent. 

The large extent to which the homolateral lung still functions in the 
presence of a six-rib thoracoplasty is impressive. The reasons for this are 
several. First, the majority of the motion of the thoracic parietes comes from 
diaphragmatic and lower chest-wall motion, areas not involved in a six-rib 
thoracoplasty. Second, already damaged lung undergoes most of the collapse. 
Third, healthy lung, if under the collapsed area, is displaced downward and 
being still in the distended state is circulated by blood and can be ventilated by 
lower thoracic and diaphragmatic motion. Fourth, while it is true that all of 
our eases showed a reduced vital capacity postthoracoplasty, the maximum 
breathing capacity is but little influenced, because this maneuver is accomplished 
with excursions of less than vital capacity stroke, and as the stroke is diminished 
the rate of breaths per minute can be accelerated. 

In this series, the factors which seem to be significant in those who suffered 
an appreciable loss in function as the result of the thoracoplasty were (1) re- 
moval of more than six ribs, (2) collapse of an appreciable amount of good lung 
tissue, and (3) the development of a significant degree of scoliosis. 

In uncomplicated resection, the thoracic parietes are not injured and with- 
in a few months after the operation can be moved as well as before. The degree 
by which eardiorespiratory function is impaired following uncomplicated resec- 
tion is related solely to the volume of tissue removed. If healthy lung is resected, 
the chances of diminished function are greater than if only diseased lung is re- 
moved. If pleural changes sufficiently severe to limit motion of the parietes 
ensue, or if the lung fails to expand to fill the space properly, the postoperative 
impairment is more severe than when these complications are absent. Since 
the size of the thorax is not appreciably diminished by pulmonary resection, the 
tissue which remains after the operation becomes more distended in all phases of 
the respiratory cycle as it expands to fill the space. If a wedge, segment, or 
lobe that has been markedly contracted prior to resection is removed without 
complications, one often cannot discover any difference in the cardiorespiratory 
measurements before and six months to one year after the operation. 

CasE 3.—This case demonstrates the paucity of changes following resection of a small 
amount of lung tissue (Fig. 3, Table I). 

If larger volumes of lung are removed, the remaining lung tissue becomes 
so inereased in distention, as it fills the space, that it exerts sufficient centripetal 
pull to lessen the size of the thorax. The balances of force are so disturbed that 
the outward movement of the parietes is limited, causing the total capacity and 
vital capacity to be reduced, and the maximum breathing capacity is likely to be 
diminished. The thoracic cage is still, however, capable of reducing itself to its 
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former size during maximum expiration; hence the residual capacity usually 
shows little or no change in its absolute volume. These comments as to pul- 
monary volumes relate to the lung tissue as a whole that is present before and 
after operation. Considering a single lung, for example, the right lung before 
and after removal of a moderately good left lung, it is obvious that as the re- 
maining right lung enlarges to help fill the space of the removed left lung, the 
total volume of the right lung will become definitely larger at full inspiration 
and also will be larger at full expiration than it was prior to resection. This 
enlargement is referred to as “emphysema” and has been grossly misinterpreted 
to be synonymous with diffuse obstructive emphysema, whereas the two con- 
ditions are strikingly different, especially as to quantitative aspects of functional 
impairment. 


Fig. 3 (Case 3).—J. M. was a 36-year-old man; onset disease, 1948; increase of disease 
and symptoms, 1952. Tubercle bacilli never found. Combined antibiotic therapy five months. 
Wedge resections of left upper and lower lobes by Dr. E. S. Welles, October, 1952, showed both 
lesions to be solid and caseous. The larger one, 2 cm. in diameter, showed Gaffky III but was 
negative on culture and guinea pig. A, Oct. 16, 1952, solid tuberculous lesions, posterior seg- 
ment left upper lobe and superior segment left lower lobe. B, Feb. 5, 1953, appearance after 
wedge resection on Oct. 27, 1952. 

If any useful lung tissue is left on the side of the resection, broncho- 
spirometric measurements will show slight to marked reduction in the function 
of the remnant depending on the volume of useful lung that was removed. Al- 
most without exception the remnant participates more in ventilation than it 
does in oxygen uptake. This is to be expected since ventilation is chiefly a 
funetion of the relatively undisturbed thoracic parietes, while oxygen uptake 
is a manifestation of blood flow through the lung. Apparently the stretched air- 


ways and alveoli function better than does their stretched vaseular bed. 
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We do not possess or know of data which will permit a definitive com- 
parison of the quantitative aspects of the physiologic alterations in thoracoplasty 
as opposed to resection. It is our opinion that in the absence of complications 
(including scoliosis) and if comparable volumes of healthy lung tissue are 
spared, there will be little difference between the end results of the two proce- 
dures. There are, of course, many circumstances in which resection will be 
far more sparing of healthy lung tissue than is thoracoplasty. The reverse 
rarely, if ever, occurs. Complications, such as the development of moderate to 
severe scoliosis after thoracoplasty, the development of pleural membranes after 
resection, or unusual thoracic discomfort after either operation, quite obviously 
will alter the anticipated functional end resu!t. 

In the presence of a totally destroyed lung, some degree of overdistention 
of the remaining lung and some degree of scoliosis usually exists prior to the 
operation. In this situation pneumonectomy usually causes less further loss of 
funetion than does a total thoracoplasty. Generally speaking, when thoraco- 
plasty and resection are being considered for the same patient, the procedure 
least likely to embarrass or sacrifice healthy lung tissue has the physiologic ad- 
vantage. It is our opinion that complications of physiologic significance are 
more common in pulmonary resection than in thoracoplasty; hence at times the 
undesirable complications of resection partially offset what preoperatively ap- 
peared to be an advantage of saving useful lung tissue by carrying out a resec- 
tion instead of a thoracoplasty. 


The question of whether or not some sort of space correcting procedure 
should be carried out in association with pulmonary resection revolves around 
three factors: (1) the likelihood that a residual space will persist, (2) whether 
or not the overdistended lung will have less eapabilities for cardiorespiratory 
performance than if not permitted to overdistend, and (3) whether or not 
residual foci in the overdistended lung will spread or be reactivated and the new 
disease be less successfully controlled. 


The first of these factors depends entirely upon the individual situation and 
is not strictly a matter involving pulmonary physiology. 

The second factor, namely, the effect of overdistention on pulmonary fune- 
tion, has been the subject of considerable investigation. The early studies in- 
volved chiefly overdistention following pneumonectomy and suggested that 
marked overdistention caused a diminution of pulmonary function. Our ex- 
perience and that of others indicates that, after wedge and segmental resection, 
there is none or but slight functional change and that the slight overdistention 
ean be ignored. When a shrunken lobe is removed, the remaining lung is over- 
distended before resection and postoperative studies disclose no further change. 
If a large amount of healthy lung is removed during lobectomy, a drop in 
maximum breathing capacity and a slight decrease in ventilation with a more 
marked decrease of oxygen uptake by the lung remaining on the resected side 
usually occurs. 


CasE 4.—In our experience, as shown in this case a tailoring thoracoplasty has little 
effect on the maximum breathing capacity, except to decrease it slightly and to diminish 
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ventilation with slight further decrease of oxygen uptake on the resected side (Fig. 4, 
Table I). Our evidence indicates that a five- or even a six-rib tailoring thoracoplasty after 
lobectomy has no beneficial and but little further harmful effect on pulmonary function. 


After pneumonectomy, if the remaining lung is permitted to fill the chest 
completely, overdistention may be marked though under some circumstances the 
remaining lung contributes relatively little to filling the space and is conse- 
quently but slightly overdistended. Generally, the severe overdistention after 
pneumonectomy will be associated with a reduction of the maximum breathing 
capacity. In some this is slight, and in others, moderately severe. A space- 
correcting thoracoplasty to avoid severe overdistention uniformly causes further 
slight to moderate reduction of the maximum breathing capacity. Gaensler 


A. B. 


Fig. 4 (Case 4).—S. P. was a man, 36 years old; left upper lobectomy March 4, 1949, 
tuberculous stenosis left upper lobe bronchus; tailoring thoracoplasty, left, May 14, 1949. 
A, April 27, 1949, left hemithorax filled by overdistended left lower lobe. B, June 13, 1950, 
after tailoring thoracoplasty, ribs one to five; rib six resected at time of lobectomy. 


and Strieder® have demonstrated that if overdistention is prevented by plombage 
of air or Ivalon sponge, resection of a nonfunctioning lung causes no loss of 
maximum breathing capacity. At present, from the standpoint of pulmonary 
function alone, we do not believe a thoracoplasty is indicated after resection 
except possibly following pneumonectomy. Until we know that severe displace- 
ment of the mediastinum is benign from a eardiocirculatory aspect over a period 
of years, we prefer to avoid severe displacement. We believe that a plombage is 
a more physiologic way to prevent the displacement, but prefer to accept the im- 
pairment caused by thoracoplasty until shown that plombage can be tolerated 
for years without infection. 
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The question of whether or not prolonged overdistention will eventuate in 
true obstructive emphysema cannot be answered at this time. We have observed 
one patient, with overdistention of both lower lobes resulting from marked 
contraction of both upper lobes, who in the course of sixteen years has not 
developed any evidence of true diffuse obstructive emphysema. More time must 
elapse before this important question can be clarified. 

The third factor, namely, that the overdistended lung may have less 
capabilities to control old and new tuberculosis is also still debatable. Past 
experience suggested that the overdistended lung was less able to control 
tuberculous infection and some support for this belief was obtained from the 
concept that overdistention is the opposite of relaxation, the latter being con- 
sidered an important factor promoting healing in tuberculous infection. 
Present evidence, however, indicates that under chemotherapy spreads and reac- 
tivation of tuberculosis are less common after resection than was formerly true. 
At the Twelfth Veterans Administration Army and Navy Conference on Chemo- 
therapy of Tuberculosis,° data were shown indicating no significant difference 
between two groups of patients, all of whom had received chemotherapy: one 
group had a thoracoplasty after the lobectomy; the other had no thoraco- 
plasty after lobectomy. A critical evaluation of this data requires more in- 
formation than was furnished. Nevertheless, it strongly suggests that a tailor- 
ing thoracoplasty is of unproved value in protecting the remaining lung 
against tuberculosis after resection. 


The evidence against the necessity of a space-correcting thoracoplasty 
following resection is mounting. We are doing them less and less frequently, 
but still prefer to individualize. If freshly healed disease or large nodules are 
left behind and overdistention of a severe grade is anticipated, we still do a 
space-correcting thoracoplasty. If experience shows this to be unnecessary, 
this procedure too will be abandoned. 


Up to this point emphasis has been placed upon the use of procedures 
which are likely to cause further decrease in respiratory function. There are 
two conditions in which surgery may increase respiratory reserves. These are 
(a) the lung which is encapsulated in an inelastic peel, and (b) the lung in 
which large cysts have so displaced and compressed the remainder of the 
lung that respiration is impaired. 

The removal of a thick eneapsulating peel is usually not difficult, but we 
have advised it only when we have believed that the patient would obtain 
significant benefit by its removal. When fibrin is deposited upon the lung and 
the thoracic parietes, it becomes organized and is less yielding than the normal 
pleural membrane. The amount of consequent impairment is dependent upon 
the degree to which the peel resists stretching and the extent to which the 
underlying lung has been damaged by intraparenchymal disease and the 
extent to which healthy lung tissue is collapsed. Mere symphysis of the pleurae 
causes no measurable alteration of function, but if the lung and thoracie 
parietes become less freely movable by reason of a relatively unyielding 
“envelope,” there is always a reduction in the degree to which the under- 
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lying lung participates in respiration. The effect of this on “total” respiratory 
function may be slight to marked, dependent upon the function of the opposite 
lung. 

When there is no residual pleural space and loss of function of the in- 
‘arcerated lung is slight, there would seem to be little reason to decorticate, 
because decortication itself is rarely so skillfully performed that the end 
result is a normally functioning hemithorax. Also, there is little to be gained 
by removing the peel and restoring mobility of the chest if the underlying 
lung has been so badly damaged that normal gas exchange is impossible. In 
such instances, even though ventilation may be increased, there may be little 
or no increase in oxygen absorption. 


A. B. 

Fig. 5 (Case 5).—F. S. was a 17-year-old boy; acute onset, pleurisy with effusion, 1950; 
developed into tuberculous hydropneumothorax. Lung could not be expanded. Decortication 
Sept. 9, 1950, thick parietal and visceral peels containing tuberculous granulation tissue were 
removed. A, Aug. 16, 1950, hydropneumothorax, right. B, April 6, 1951, seven months post- 
decortication. There is still evidence of peel along lower mediastinum and over diaphragm. 

We have frequently been unable to predict the effect of a technically 
successful decortication on pulmonary function. In this regard, it is helpful 
to study roentgenograms of the lungs before pleural trauma occurred. If 
these roentgenograms suggest that a large volume of healthy lung tissue has 
subsequently become encased, a decortication would seem advisable. The 
maximum chance of benefit seems to be in those cases in which a lung with 
disease of slight extent has been encased in a peel while under a high degree of 
collapse. 

CasE 5.—This case illustrates the effectiveness of decortication. F.8., a 17-year-old boy, 
had an early tuberculous empyema. The lung could not be expanded. Table I gives the 
data before and after decortication (Fig. 5). 








WOODRUFF ET AL.: PULMONARY PHYSIOLOGY AND THORACIC SURGERY 173 


The alternative to decortication would have been an extensive thoracoplasty. This 
patient now has essentially normal function. Thoracoplasty would have resulted in further 
loss. Being a young boy with an excellent opposite lung, he probably would have tolerated 
this procedure but would have been unnecessarily handicapped for the future. 


In general, we have found no correlation between the length of time a 
lung has been collapsed and the degree of success of decortication. The effect 
of decortication as a means of obliterating an empyema space is beyond the 
scope of this paper. 

In decortication for the restoration of function removal of the parietal, as 
well as the visceral, peel should be performed. The maximum improvement 
ean be obtained only by removing the peels over the diaphagmatic surface 
and freeing the costophrenie sinus. 

The way in which a preoperative quantitative evaluation of cardiorespira- 
tory function may serve a utilitarian purpose is demonstrated in the following 
series of patients. 


Fig. 6 (Case 6).—F. L. was a man 31 years old; extensive tuberculosis, right lung, five 
years. Disease which developed on left subsequently cleared. A, Oct. 22, 1942, disease 
throughout right lung. B, April 29, 1947, cavities, right lung. Despite appearance of films. 
physiologic studies revealed right lung to be virtually nonfunctioning. 


Case 6.—F. L. was a 31-year-old man, known to have had bilateral tuberculosis since 
the age of 26 years. The left lung cleared, leaving virtually no visible residue. At the time 
of our studies, the right lung contained two thin-walled cavities and a few scattered nodules. 
On the basis of clinical evidence alone, this patient had been selected for pneumothorax on the 
right side, but a routine precollapse fluoroscopy in our laboratory revealed striking evidences 
that the right lung could not be emptied to nearly as complete an extent as could the left 
lung. 
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From this finding we suspected extensive bronchial disease, but bronchoscopic examina- 
tion showed no abnormality in either bronchus, other than some reddening around the right 
upper lobe bronchus. This area bled easily. The paucity of bronchoscopic findings, together 
with the fact that breath sounds were audible, though of diminished intensity, and the fact 
that no persistent wheeze was demonstrable on that side influenced some to doubt the presence 
of diffuse airway obstruction in the right lung. The quantitative physiologic data shown in 
Table I revealed a quite marked diminution in the maximum breathing capacity, slight 
increase in residual air, but a striking interference with ventilation and oxygen uptake 
and carbon dioxide output on the right. The bronchospirometric tracings showed that 
although the right lung could take in air, it trapped this air and it was only during 
subsequent breaths that the air was finally expelled from the right lung. 

An examination of the arterial blood obtained during exercise showed some degree of 
arterial unsaturation. We believed that these data clearly demonstrated the presence of 
some sort of an obstructing mechanism in the airways diffusely distributed throughout the 
right lung. In view of the bronchoscopic findings, it was apparent that the branches of the 
bronchial tree distal to its main divisions must be the site of this obstruction. Since the 
lung was virtually nonfunctioning, it was decided to change the therapeutic program from 
pneumothorax to a pneumonectomy. 

This was done and the resected lung showed a moderately severe tuberculous 
bronchitis involving most of the divisions of the right airway, beginning in the secondary 
bronchi at a point distal to the areas that could be visualized by the bronchoscopist. This 
case demonstrates the manner in which physiologic examination may disclose unanticipated 
findings of importance. Pneumothorax would have eventuated in an unexpandable lung 
and possibly empyema. A pneumonectomy, which on clinical grounds alone may have ap- 
peared wasteful of good lung tissue, actually destroyed little useful lung and avoided a 
long, hazardous and likely fruitless form of treatment. 


CasE 7.—F. C. is a 21-year-old woman who first developed bilateral tuberculosis at the 
age of 16 years. Originally the disease was most extensive on the left, but this cleared 
leaving behind scattered linear and nodular scars. At the time of our study, two large cavities 
and scattered densities were seen throughout the right lung as shown in Fig. 7. After an 
adequate period of bed rest and an ineffective right pneumothorax without improvement, other 
therapy was advised. 

Because of the extent of the disease in the right lung, it was felt that a pneumonec- 
tomy would be the treatment of choice. Preresection studies in our laboratory disclosed 
the data shown in Table I. The large extent to which the right lung participated in 
ventilation and oxygen uptake was surprising. A lateral film showed the two cavities 
to be located in the superior segment of the lower lobe and in the posterior segment of the 
upper lobe. This case demonstrates the degree to which observation of a roentgenogram 
ean be misleading, especially when only the conventional posteroanterior view is con- 
sidered. Because of the large extent to which the right lung participated in respiration, 
it was deemed unwise to sacrifice the entire lung until other methods less likely to 
destroy the lung had been tried in an attempt to control the disease. Monaldi 
drainage of the upper cavity and a pre-Monaldi thoracoplasty over the lower cavity were 
accompanied by cavity closure and conversion of the sputum. 


CASE 8.—This 27-year-old woman was given a pneumothorax on the right side which 
became complicated by an effusion and was abandoned at the end of one year because of 
obliteration of the space. Subsequently, she had a cavity in the left lung for which a 
pneumothorax was instituted with exactly the same results. A cavity had persisted at the 
left apex. She complained of dyspnea on moderate exertion but on a clinical basis was 
considered to be an acceptable surgical risk for a left thoracoplasty. 


Fluoroscopy disclosed marked restriction of motion of both hemidiaphragms and ribs. 
The degree of pleural involvement is shown in Fig. 8. The physiologic data are shown in 
Table I. The normal volume of residual air suggests that there is no significant degree of 
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F.C. 
— 615-46 


A. 


Fig. 7 (Case 7).—F. C. was a 21-year-old woman; onset age 16 with extensive disease, 
left. Treated by bed rest and temporary phrenic, left, with resolution of disease. Readmitted 
five years later with two large cavities, right. Both became larger under pneumothorax which 
was abandoned. Physiologic studies prior to pneumonectomy. A, June, 1946, right lung despite 
two large cavities was accounting for 48 per cent of oxygen absorption. Lateral films revealed 


both cavities to be posterior. Although left lung now relatively clear, its function is impaired. 
B, Sept. 4, 1946, Monaldi catheter in place in upper cavity, anterior approach. Cavity not 
visible. Lower cavity not visible after posterior resection of ribs five to eight, preliminary to 
posterior Monaldi drainage; catheter never introduced because of cavity closure. 


Fig. 7C.—June 15, 1952, appearance six years later. Patient at home, sputum negative. 
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emphysema present. The low maximum breathing capacity we believed to be due to the 
marked restriction of thoracic expansion consequent to the pleural membrane. This is also 
indicated by the very small total volume of the lung. We believed that thoracoplasty on the 
left could be carried out even though the left lung participated to a normal degree in 
respiration. Because of the bilateral pleural envelope and the knowledge that much greater 
force than normal was required in order to bring about ventilation in both lungs, we stated 
that the thoracoplasty should be done in small stages, every effort being made to keep the 
area of denuded chest wall as small as possible. 

At the first stage of the thoracoplasty one of us removed the entire first and second ribs, ' 
including the cartilage, and a posterior segment of the third rib to the anterior axillary line. 
Moderately severe paradoxical motion of the denuded area promptly developed, but she 
was able to maintain adequate ventilation, and the distress was not intolerable or ex- 
tremely alarming, until with the onset of menstruation she deteriorated very abruptly. 
During the first two days of menses, respiratory efforts were more marked and in spite of 
maintenance in an oxygen tent and efforts to immobilize the chest wall, it was not be- 
lieved that she would survive this period. Gradually the paradoxical motion lessened 
somewhat but she remained dyspneic at rest. 


8-18-48 


A, B. 


Fig. 8 (Case 8).—A. L. was a woman 27 years old; curing for five years; bilateral dis- 
ease, bilateral cavities, successive pneumothorax each side; in each instance fluid formed and 
pne umothorax was abandoned. Dyspnea on slight exertion for four years. A, Nov. 17, 1947, 
bilateral disease, cavity left apex, obliteration of costophrenic sulci. B, Aug. 
stage, two and one-half rib thoracoplasty, left, Aug. 5, 1948. Note extent of Ssietier decostal- 
ization. 


Fluoroscopy approximately one month after the operation clearly demonstrated the 
marked paradoxical motion of the chest wall, the underlying tissues moving en masse to the 
right side during inspiration and back again during expiration. The mediastinum moved 
quite far to the right on inspiration and returned to the midline during expiration. In this 
particular patient removal of the second rib and cartilage along with the first rib and 
cartilage decostalized more than two-thirds of the anterior chest wall down to a level 
opposite the posterior end of the ninth rib. The mechanism of the paradoxical motion 
of the chest wall is obvious. 
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The nearly fatal effect of the onset of menses is of practical as well as physiologic 
importance. We have repeatedly been told by women, whose breathing reserves are low, 
that dyspnea is more severe in the first day before the onset of menstruation and persists 
thus for two or more days. Menstrual turgescence of the bronchial mucosa? may play 
a part in this phenomenon. Had we avoided decostalization of such a large area and had 
the operation been timed to take advantage of the intermenstrual period, we believe the 
operation would have caused much less severe respiratory distress. 


CASE 9.—S. A. was a 50-year-old man with extensive bilateral tuberculosis. He was 
unusually apprehensive; because of the extent of the disease and the complaint of dyspnea 
on exertion he was thought by some on clinical grounds to be a prohibitively poor risk for 
bilateral surgical collapse. The physiologic data, shown in Table I, disclosed a maximum 
breathing capacity considerably larger than anticipated and no evidence of diffuse obstructive 
emphysema. 


11-15-50" 


A, B. 

Fiz. 9 (Case 9).—S. A. a 50-year-old man; bilateral cavitary disease three years; pneu- 
moperitoneum three years; temporary phrenic, left; diabetes mellitus A, Nov. 15, 1950, ex- 
tensive bilateral disease; elevation left diaphragm. B, Jan. 12, 1952, appearance after five- 
rib extraperiosteal thoracoplasty with Lucite plombage on left, with subsequent removal of 
Lucite spheres and ribs. Later, similar procedure on right. Sputum negative on culture. 


Because a conventional bilateral thoracoplasty would require more stages and would 
sacrifice more lung tissue with a less satisfactory collapse than can be obtained by extra- 
periosteal plombage and subsequent removal of the plomb and overlying ribs, we chose to 
carry out the latter procedure in this particular case. An extraperiosteal Lucite plombage 


with subsequent removal of five ribs was performed on the left with no appreciable loss of 


function. This encouraged us to carry out a similar procedure on the right (Fig. 9). 

In so far as the postoperative periods are concerned, none was characterized by unusual 
distress. The physiologic data disclose that the thoracoplasty on the right was followed 
by a considerable drop in the maximum breathing capacity. Unfortunately, our final studies 
had to be made only ten weeks after the last operation. We would expect the maximum breath- 
ing capacity to be somewhat higher after a longer recovery period. The diseased area on the 
right was surrounded by a larger amount of aerated lung than that on the left; hence, the 
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drop in maximum breathing capacity after the second thoracoplasty may have been due 
chiefly to a greater collapse of healthy lung tissue. It is also possible that interference 
with the leverage mechanism of chest-wall motion may have been an additional cause. 


It has been our experience that bilateral thoracoplasty, regardless of how it is per- 
formed, nearly always causes more drop in the maximum breathing capacity after the second 
side is done than after the first. This case demonstrates that quantitative measurements 
may correct an erroneous impression of respiratory impairment which has been based on 
clinical grounds alone. It also demonstrates the utility of extraperiosteal plombage. We 
have been using extraperiosteal Lucite plombage with increasing frequency in poor-risk 
patients since its introduction for this purpose by Dr. Elliott Michelson, in 1949, at the 
Veterans Administration Hospital at Sunmount, N. Y.8 


As a result of our studies and observations in this field, we have found the 
following concepts to be practical and helpful guides in making surgical de- 
cisions on patients with respiratory problems: 

1. The lungs are passive structures in so far as air movement is concerned. 
Under natural conditions air movement is entirely a result of and directly 
proportional to the changes in the volume of the thorax, caused by movement 
of the thoracic parietes. 

2. The lungs and thorax act as the “pump” which brings air to the 
pulmonary eapillary bed for gaseous exchange. It is the mechanies of this 
“pump” with which we are primarily concerned. 

3. In the normal individual, the factor limiting peak physical exertion is 
not the “air pump” but the cardiovascular system. The normal person is 
endowed with far greater respiratory powers than circulatory abilities. 

4. Because of the tremendous pulmonary reserve, there can be extensive 
pulmonary damage without critical respiratory limitation. For instance, the 
untrained normal man can augment oxygen uptake to a level of eight to ten 
times that used in the resting state. For short periods of time the volume 
of respired air can be increased fifteen- to twenty-fold. Cardiae output, 
however, can be increased only four or five times. 

5. The capacity of the respiratory apparatus to pump air is dependent 
upon many factors. Among these are: 


(A) The integrity of the thoracic parietes. Any factor damaging them and 
diminishing their ability to move will diminish the effectiveness of the 
pump as a whole. Causes for impairment are: (1) defect of chest wall; 
(2) restricting pleural membrane; and (3) neuromuscular impairment, 
such as phrenic paralysis or intercostal pain. 


(B) Unimpeded airways, not only in the major bronchi but, even more im- 
portant, in the smaller bronchioles. 

(C) Compliance of the lung. Any factor decreasing the distensibility, be it 
inflammation, edema, fibrosis, or emphysema, will impair the action of the 
pump, depending upon the degree of involvement. 


6. The lungs seem to be capable of considerable overdistention before 
showing appreciable signs of functional impairment. This has a direct bear- 
ing upon the question of collapse therapy following resection. 





WOODRUFF ET AL.: PULMONARY PHYSIOLOGY AND THORACIC SURGERY 179 


7. The lung per se is an enormous capillary bed, suspended in air, which 
can transmit a widely variable volume of blood with relatively slight changes 
in pulmonary artery pressure. 

8. The body is possessed of an adaptive mechanism whereby circulation 
is shunted from a collapsed or diseased area to a more normal area. Poorly 
or unventilated but still distended portions of lung have a diminished pul- 
monary capillary blood flow. 


9. The remarkable degree to which the pulmonary capillary bed can be 
enlarged by increase of cross-section area of the capillaries and perhaps by 
opening of previously nonperfused capillaries is demonstrated by the fact 


that, when both lungs are approximately normal, ligation of a pulmonary 

artery to one lung causes only transitory elevation of the pulmonary artery 

pressure. 

10. Pulmonary funetion studies are valuable adjuncts in the over-all 
assessment of an individual prior to thoracic surgery and are necessary in 
borderline eases. Such studies are of value in helping to determine the 
patient’s ability to withstand a particular procedure and also in determining 
which procedure is likely to be best tolerated. The more limited a patient’s 
respiratory reserves, the more important it becomes to know the type of 
limitation and its extent. 
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DISCUSSION ON ‘‘BILATERAL BRONCHIECTASIS: A CLINICAL AND PHYSIOLOGIC 
EVALUATION OF THE RESULTS OF SURGICAL TREATMENT,’’ BY DR. EDGAR P. 
MANNIX, JR., DR. FRANCIS S. GERBASI, DR. CHARLES E, O'BRIEN, AND DR. RICHARD 
H. ALDER, DR. W. ARNOLD MC ALPINE, AND DR, HARPER KERR; AND “DECISIONS 
IN THORACIC SURGERY AS INFLUENCED BY THE KNOWLEDGE OF PULMONARY 
PHYSIOLOGY,” BY DR. WARRINER WOODRUFF, DR. CARL G. MERKEL, AND 
DR. GEORGE W. WRIGHT 
DR. FREDERICK G. KERGIN, Toronto.—I should like to discuss Dr. Mannix’s paper, 
and I wish to compliment him on what I think is a very important investigation of an important 
subject. It is true, as he suggested, that we have had some interest in bilateral resections 
and we have a group of some fifty patients who have had bilateral resections in the past. Our 
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interest is primarily in two questions. It seems remarkable that after the more than twenty- 
five years that we have been doing lung resections, there are some fundamental questions 
that are still open and unanswered. 

One question which is unsolved is whether in fact it is deleterious to the function of 
a lobe to allow or encourage it to overdistend; second, does that overdistention eventually 
lead to emphysematous changes and progressive loss of function? We have recently called 
in eleven patients, who had extensive bilateral resections from four to eighteen years ago, and 
have done functional studies. I think we can sum our results up by saying that if these 
patients show on the average 50 per cent of normal function, they do not complain of short- 
ness of breath. They are short of breath on exertion but they have become so accustomed to 
sparing themselves that they seldom have to complain of that. 

Perhaps our most illuminating case concerns a patient who is now 40 years of age, 
who had resections of the lung sixteen years ago by Dr. Shenstone and Dr. Janes. This 
woman, starting eighteen years ago, over a period of two years had resections of the right 
lower lobe, the left lower lobe, and the right middle lobe, in three stages by the tourniquet 
technique and after each stage had an empyema and fistula. She remains perfectly well, 
sarrying on, and tests of this patient are perhaps worth mentioning. Maximum breathing 
‘apacity now is 52 per cent of normal, vital capacity is 66 per cent normal, functional residual 
capacity is 2,810 ¢.c., and residual nitrogen is 2.1 per cent. So far as we can determine 
she is not as yet going on to a true disabling emphysema. 


DR. ARTHUR H. AUFSES, New York.—I would like to present a case which concerns 
a patient with extensive bilateral resection for bronchiectasis who had an unusual postoperative 
complication. This patient was a girl, aged 22, who was seen first in 1947 with severe 
bilateral bronchiectasis and a very severe paranasal sinusitis. We treated the sinusitis for 
a time and tried to reduce the expectoration with antibiotics, both parenterally and by 


instillation through catheters, and finally we operated upon her when the sputum had 


diminished. 

(Slide.) This shows extensive bronchiectasis in both lower lobes, and at this time we 
thought that the right middle lobe was normal, but it was probably due to a poor bronchogram. 

(Slide.) This shows the disease in the lingula on the left side; a few bronchi in the 
left upper Icbe were also involved. We thought we would have to excise the left lower lobe 
and lingula and then perform a segmental on the right lower lobe. At this time the Ilcft 
lower lobe and lingula were resected, with an uneventful postoperative course. 

(Slide.) She returned six months later, and now the bronchograms demonstrated that 
the right middle lobe, which we thought was free of disease, was also involved. 

(Slide.) Here you see the right lower lobe; the basal segments are involved, also 
the right middle lobe and a small segmental involvement of the right upper lobe. The apical 
and subapical segments of the right lower lobe were considered to be uninvolved. She was 
again prepared and this time we performed a right middle lobe lobectomy and a segmental 
resection of the basal segments of the right lower lobe, leaving the subapical and apical 
segments of the right lower lobe in situ. For seventy hours after operation this girl had 
such terrific dyspnea that she went into pulmonary edema. The character of the sputum 
was not purulent, but was the typical foamy exudation of pulmonary edema. This was treated 
by the removal of salt from the food and parenteral fluids. She came out of this pulmonary 
edema after forty-eight hours and from then on made an uneventful recovery. 

Two years later we had a bronchospirometric examination performed and at this time 
she had 2,200 ¢.c. vital capacity and a maximum breathing capacity of 56 L. She is not 
dyspneic on ordinary activity. The only trouble at present is that the sinusitis still flares up, 
and she has upper respiratory infections with a considerable amount of expectoration. 

(Slide.) This is a roentgenogram taken a couple of months postoperatively, and the 
condition has remained practically in this state until the present time. 


DR. B. H. RAMSAY, Los Angeles.—I should like to discuss Dr. Mannix’s paper 
(which was excellently presented and very interesting) and to make only a single remark. 
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We have developed a concept of pulmonary segments, and Dr. Boyden has numbered 
those segments, as you all know, ten on the right and eight on the left. Most of the 
patients shown by Dr. Mannix had entire lobectomies of the lower lobe, probably because all 
segments were involved. However, it is still widespread practice to take the superior segment 
of the lower lobe whether or not it is involved, and we know too that it will occasionally be 
involved. 

No one has emphasized that the superior segment of the lower lobe is of large volume 
with three subsegments, each of which approximates in volume any single basal segment. I 
think that in the ten segments on the right, nine of those should be given the value of one, 
but the superior segment of the lower lobe should be thought of as a unit of three, so far 
as volume goes. Therefore, if in bilateral lobectomy the superior segment, although free from 
disease, is taken on each occasion, in my opinion the equivalent of six of the smaller segments 
is avoidably lost. Preservation of this amount of normal lung is of tremendous functional 
importance, especially where the extent of necessary resection reduces respiration to a 
marginal capacity. 


DR. ROBERT T. FOX, Evanston.—I wish to discuss Dr. Woodruff’s paper. At the 
Municipal Tuberculosis Sanitarium in Chicago, we too are faced with a certain group of 
far-advanced bilateral cases who can be brought along just so far on bed rest, chemotherapy, 
and the various inflation collapse measures, and then are offered no hope unless surgery can 
be done. Many of these have to be turned down for surgery because they have too much 
disease. Evaluation of the borderline cases is frequently helped considerably by a program 
such as Dr. Woodruff has mentioned; in fact, our program was set up and is operated by 
Dr. Gordon Snider, one of the disciples of Dr. Woodruff and Dr. Wright, and includes 
exactly the routine that Dr. Woodruff has outlined. 

(Slide.) This case involves a Negro woman with very extensive bilateral disease. 

(Slide.) After about a year and one-half of bed rest, pneumoperitoneum, and all the 
chemotherapy we have today (including a fairly long course of Isoniazid) the right side 
appeared almost completely healed, with a good-sized cavity remaining on the left and disease 
lower down. Unfortunately many of these patients have so much distortion of the bronchial 
tree that bronchospirometry is impossible or inconclusive, and that was true of this patient, 
but fluoroscopically we obtained some inferential knowledge as to the function on the left side. 

(Slide.) She had a pneumonectomy and has done very nicely. The preoperative work-up 
shows information that led us to believe she was a fit candidate for resection, even without 
really accurate bronchospirometric data, and it was the clinician’s feeling that 60 per cent of 
function was on the right side. The postoperative studies have not yet been completed. 


(Slide.) Here is another case. This was in 1945 and there is a huge cavity on the 
right side in this patient. She had a right thoracoplasty in 1946. 


(Slide.) She was discharged, but some four years later the disease flared up on the 
left side. She was treated for some time with chemotherapy and pneumoperitoneum and still 
has a huge residual cavity. The question is, Can she tolerate resection on the left? She did 
have a left upper lobe lobectomy and has done very well. 

(Slide.) Again bronchospirometry was inconclusive but on fluoroscopic evidence we 
felt that she could tolerate the resection. Postoperative condition is good. Again, the post- 
operative studies have not been completed. 

We have found that these tests bring into the surgical field a certain number of pa- 
tients who we have felt were not fit candidates without such careful evaluation. 


DR. GEORGE W. WRIGHT, Saranac Lake, N. Y.—I should like to discuss Dr. Mannix’s 
paper. There is one point of presented data which I think requires some explanation and 
emphasis. The general use of the ratio between the residual capacity and the total capacity 
[ think can be most misleading. It is well demonstrated that in diffuse obstructive emphysema 
this ratio is increased, and hence we are likely to believe that whenever the ratio is increased 
there must be diffuse obstructive emphysema. When resections are done with some loss of 





182 THE JOURNAL OF THORACIC SURGERY 


lung tissue it must be borne in mind that the total capacity can be reduced, the residual 
capacity remaining normal, leading to the same kind of abnormal ratio that occurs in diffuse 
obstructive emphysema, although actually there is no diffuse obstructive emphysema. 

I should like to ask Dr. Mannix, therefore, whether or not in these patients, who show 
an abnormality of the residual capacity-total capacity ratio, the absolute residual capacity was 
increased. This is the measurement that is most useful. 

The second thing I would like to ask is the amount of good lung tissue that was removed 
in the cases that did poorly postoperatively. In our series of bronchiectasis cases 
those who showed rather marked disturbance of respiratory function after the operation 
always had severe damage before the operation. If good lung tissue is resected the reserves 
are already so low that the loss of relatively small amounts of good lung tissue is much more 
damaging than the same amount of lung tissue resected in a patient with a large reserve. 
Therefore, I would like to have some notion of how much reasonably good lung tissue was 
sacrificed at the time the resections were done. 


DR. MANNIX (Closing).—I wish to thank the discussors. With regard to the 
comments of Dr. Kergin and Dr. Wright on overdistention, we appreciate that this is one of 
the mechanisms by which the remaining pulmonary tissue fills the pleural space after resection, 
and that there are some patients who have neither subjective nor objective evidence of 
respiratory disability. We do not wish to imply that postoperative overdistention of the lung 
is as handicapping as true obstructive emphysema. We do believe, however, that postoperative 
overdistention is likely to produce additional disability in those patients who already have 
obstructive emphysema or asthma. Also, there may be a level beyond which, for any one 
patient, progressive overdistention of otherwise normal remaining lung parenchyma produces 
significant respiratory insufficiency. In one of our patients, who has only five segments 
remaining, and no obstructive emphysema or asthma, increasing residual air over a period 
of several years following bilateral resections was associated with falling arterial oxygen 
saturation. At the same time the patient was complaining of increasing dyspnea. We do 
not know the explanation for this hypoxemia. There may have been a disturbance in oxygen 
gradient independent of, or due to, marked overdistention of the lung. This concept is 
speculative, since our studies did not include measurement of alveolar and arterial oxygen 
tensions. 

Concerning Dr. Aufses’ patient, I wonder whether or not the improvement which 
occurred physiologically later on could have been due to disappearance of bronchial or 
bronchiolar spasm, which was present in the immediate postoperative period. I wish to 
illustrate the importance of bronchiolar spasm in this respect by citing a case. The patient 
had asthma and a very low pulmonary reserve. A bronchiogenic carcinoma was present in the 
anterior segment of the right upper lobe. When the patient was induced with ether, which is 
an agent which ordinarily dilates the bronchial tree and which actually has been used in the 
past to treat status asthmaticus, the patient was thrown into an attack of severe bronchiolar 
spasm, with inadequate ventilatory exchange. The operation was cancelled. The patient was 
successfully induced one week later, using an agent which is said to induce bronchospasm, 
namely, cyclopropane. A right upper lobectomy was uneventfully accomplished. Bronchiolar 
spasm returned after operation but this was satisfactorily treated. It is well known that the 
anesthetic agent may produce spasm of the bronchial tree in both asthmatic and nonasthmatic 
patients. 

In answer to Dr. Wright’s question about whether or not the total residual air was 
increased, these data are recorded in the submitted manuscript. It is my strong recollection, 
however, that the total residual air was increasing in all patients whom we had an opportunity 
to study on more than one occasion after resection. 

Concerning the amount of normal lung tissue which was removed, there was a period 
at Ann Arbor when some concern was felt about leaving the apical segment of the lower lobe. 
The patient who died thirty-four months after operation had a lower lobectomy on one side, 
although the apical segment was not involved. I agree with Dr. Ramsay that the lower 





WOODRUFF ET AL.: PULMONARY PHYSIOLOGY AND THORACIC SURGERY 183 


apical segment should be preserved whenever it is free of disease, particularly in those 
patients who are to have bilateral resections. I think that this particular patient is an 
example of one who had progressive bronchiectasis, eventually having lesions in several 
segments of the remaining lung on each side. It is difficult to state whether or not he would 
have survived, even if the apical segment had been spared. 


DR. WRIGHT (Closing).—I should like to make a comment on the question of over- 
distention. This question has been before this Association almost every year since resections 
were first begun. We are beginning, I believe, to have some information of value. So. far 
as the immediate effect of overdistention is concerned, one should bear in mind that over- 
distention is a relative matter. The simple procedure of going from the recumbent to the 
erect position doubles the size of a person’s lungs; in other words, there is a 100 per cent 
overdistention. 

There is a very wide range through which the lung can be varied in its size or its 
degree of distention with no measurable or discernible evidences of impaired function. There 
is, however, a degree beyond which the lung cannot be distended without having some loss 
or impairment of function. The late results are of course extremely important, particularly 
in the light of the work presented before this Association some years ago by Dr. Longacre, 
in which he believed that in animals, dogs particularly, he had shown that prolonged over- 
distention led to development of diffuse obstructive emphysema. Dr. Kergin made a very good 
point; does this occur in human beings. The only thing I can tell you is that if a normal 
perfectly healthy lung is overdistended within what would appear to be a reasonable physiologic 
range, we have been unable to discern any evidence of diffuse obstructive emphysema. I 
have had under observation two patients who have had autolobectomies (by that I mean both 
upper lobes markedly contracted so that the hilar shadows actually dangled in the apex). 
There is only a lower lobe left on either side. Neither of these patients shows anything that 
is remotely the same as the physiologic data we see with diffuse obstructive emphysema. 
So at least I can say that I know of two people who have prolonged lobar overdistention but 
who do not have diffuse obstructive emphysema. 
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S INCE the first presentation (June, 1952) of the concept and the first appli- 
cation of atrio-septo-pexy for the surgical correction of abnormal inter- 
atrial communications,’ considerable additional experience has been gained 
in surgically treating such patients. While the original basic concept has 
proved to be sound, certain technical variations have been developed in order 
to manage the different clinical variants of this situation. Thus our original 
method has been modified in cases presenting the additional abnormality of 
anomalous entrance of some or all of the pulmonary veins into the superior 
vena cava or directly into the right atrium. Very low defects of the persistent 
- ostium primum type have been proved to be amenable to this technique. The 
coexistence of acquired mitral stenosis (Lutembacher Syndrome’) in certain 
of these cases has proved no serious obstacle to suecessful simultaneous surgi- 
eal correction of both conditions. Only patients with essentially a single atrial 
chamber have so far seemed completely unsuitable for correction by atrio- 
septo-pexy. It is believed that an extension of Murray’s® original technique 
of suturing the anterior and posterior atrial walls together (with the addition 
of intra-auricular digital guidance) may accomplish anatomic and functional 
separation of the single atrium into two chambers. 


HISTORICAL 


Cohn,* in 1947, first showed experimentally that artificially created inter- 
atrial defects could be closed by invaginating and suturing a portion of the 
right atrial wall to the auricular septum; subsequently the invaginated por- 
tion was cut off to leave a patch over the defect. (Fig. 1.) Simultaneously 
the remaining atrial wall was repaired by previously placed mattress sutures. 
There were three obvious disadvantages. This method, as proposed, did not 
primarily completely close the defect since the atrial patch was only actually 
approximated to the septal edge in four places (at each quadrant). The ex- 
ternal surface of the atrial patch placed within the blood stream carried with 
it the threat of intra-atrial thrombosis. The excision of a portion of the atrial 
wall implied the possibility of serious or even of exsanguinating hemorrhage. 
It is not known whether Cohn’s method was ever actually employed in a 
human being. 

Some have considered the operation of ‘‘atrio-septo-pexy’’ as a modifica- 
tion of Cohn’s procedure. It is obvious that some similarity in concept exists. 
However, atrio-septo-pexy, embracing, as it does, digital guidance of the su- 
turing by a finger inserted through the right auricular appendage partakes 
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considerably of the accepted method of commissurotomy for mitral stenosis, 
and also of mitral suturing for regurgitation. Swan’ considers it to be a 
modification or extension of his original technique. In patients where the 
defect is very low, as in cases of persistent ostium primum, we have added the 
principle of anterior-posterior approximation of the auricle which was first 
presented by Murray.* In other words, the present concept and technique 
of atrio-septo-pexy embraces freely those intracardiae techniques which aid 
in the successful accomplishment of its aim—the complete anatomie and physio- 
logic separation of the systemic and pulmonary venous systems. 


Fig. 1—Cohn’s method of repairing experimentally produced atrial septal defects by applying 
a patch of the atrial wall over the defect. 

Murray*® was the next to propose (1948) a method for the closure or at 
least the reduction in size of atrial septal defects; his procedure consisted of 
passing long threaded needles from the anterior to the posterior atrial walls 
in the region of the septum. By tightly tying the mattress sutures so placed, 
he brought the anterior and posterior atrial walls closer or even actually to- 
gether. (Fig. 2.) The main disadvantage of this method was its inaccuracy, 
guided, as it was, merely by the recognition of certain externally located 
landmarks. It is our belief that the addition of intracardiac digital ‘‘vision,’’ 
by insertion of a finger through the right (or left) auricular appendage, ren- 
ders this a valuable surgical method particularly as an auxiliary technique in 
closing very low defects. It may perhaps prove independently corrective in 
cases of very large septal defect or of single atrium. 

Swan and his co-workers,® in 1950, suggested the simultaneous invagina- 
tion of both auricular appendages after passing a threaded curved probe from 
one appendage tip to the other via the defect. Plastic buttons threaded upon 
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the transatrial sutures were approximated by tightly tying the sutures. (Figs. 
3 and 4.) One of us (C. P. B.) subsequently reported a modification of this 
technique! using a finger inserted through the left atrial appendage to directly 
guide the passage of the probe. (Fig. 5.) Experience with six patients 
operated on by this method (with two operative deaths and no instance of 
complete abolition of the shunt) convinced us that this method, so successful 
in correcting experimentally created defects, was unsatisfactory for human 
application. 


Fig. 2.—Sagittal section showing Murrays’s method of anterior-posterior approximation of the 
atrial walls to reduce the size of an atrial septal defect. 


The major deficiencies of the method are related to: 1. The danger of 
too greatly reducing the size of the usually small left atrial chamber by the 
invagination of the left auricular appendage or wall upon a plastic button. 
This is particularly likely when a very large defect exists requiring applica- 
tion of a large button for its closure. 2. The invaginated appendages (Fig. 6) 
do not necessarily grow attached to the edges of the septal defect even though 
they may grow to each other. This failure is again more likely in large de- 
fects. Under such conditions the effective size of the defect and its consequent 
shunt might be reduced but would not be abolished. 3. In persistent ostium 
primum the low application of the invaginated appendages might encroach 
upon the entrance to the mitral valve. In any event, it is apparent that de- 
fects of this type can never be completely closed by this technique. 

Dodrill*? suggested the use of excluding rings on an ice-tong arrangement 
to temporarily approximate the two atrial walls of the septum. Either atrial 
wall could be opened in this area to permit creation and suture repair of an 
atrial defect under direct vision. He also suggested that very large defects 
might be bridged by suturing the left atrial wall to the periphery of the defect. 
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Merendino and his associates’ reported in 1951 an experimentally suc- 
cessful technique of closure of auricular septal defects in animals using a 
small bag or tampon created by suturing autogenous fat within a pericardial 
sac. This tampon was tightly drawn against the septum and partly into the 
defect by traction upon a suture passed through the defect and the opposite 
atrium. (Fig. 7.) 

Hufnagel and Gillespie,* in 1951, reported an ingenious method and an 
instrument capable of applying the two halves of a plastic button respectively 


Fig. 3. Fig. 4. 
Fig. 3.—Swan’s method of invaginating the atrial appendages upon plastic buttons. 
Fig. 4.—Inverted appendage approximated against atrial septum. 


Fig. 5.—Digital guidance of probe passed through septal defect in performance of modified 
Swan procedure, 
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to the opposite sides of artificially created septal defects. By turning the 
handle of the instrument, the two sides of the button become tightly screwed 
together. (Fig. 8.) While this technique worked well in artificially created 
defects, Gross and his associates® 1° had poor results in applying this tech- 
nique in human beings. 

Gross® '° has devised an open method of direct intracardiae suturing 
which he has applied in eases of auricular septal defect. He has reported two 
operative survivals and four deaths. 


Fig. 6.—Autopsy specimen (human) obtained three weeks after performance of Swan 
procedure for large atrial septal defect. While inverted appendages might have become 
adherent to each other, it is evident that adherence to the septal edges would never have 
occurred. 


The technique depends upon the hemostatic suturing of a latex or plastic 
‘‘well’’ to the side of the dilated right atrium. An incision is then made 


“‘well.’’ 


within the portion of the atrium circumscribed by the base of the 
Blood emerging from the atrial incision fills the ‘‘well’’ to a depth correspond- 
ing to the intra-atrial pressure, usually about 10 em. Local heparinization 
prevents clotting. 

While direct ocular visualization of the defect is not possible by this tech- 
nique, passage of palpating fingers through the auricular incision permits 
tactile or digital ‘‘vision’’ of the type so useful in closed intracardiac surgery. 
Small defects can then be directly sutured by the sense of touch. Gross uses 
patches of polyethylene sheet material to span larger defects, suturing the edges 
of the patch to the edge of the defect. He feels that this method is generally 
applicable in all eases of auricular septal defect, but feels that complete closure 
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of a persistent ostium primum is not to be expected. The polythene material 
subsequently becomes covered over by endothelium derived from the edges of 
the septum. 

We freely admit that this is one of the two acceptable surgical approaches 
presently capable of effecting complete surgical closure in cases of interatrial 
septal defect. However, a limited experience with this method in the labora- 
tory leads us to the conclusion that it is a complicated technique entailing 
many inevitable risks and hazards. Not only is there risk of serious hemor- 
rhage and of possible air embolism (because of the open technique) but there 
are inherent risks of either under- or overheparinization of the blood. The 
use of foreign material (polythene) to replace the lack of cardiovascular sub- 


Fig. 7.—Merendino’s method of plugging an atrial septal defect by use of pericardial bag of 
autogenous fat. 


Fig. 8.—Hufnagel’s buttons closed about septal defect. 
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stance (the defect) raises many theoretical and practical objections. It seems 
extremely unlikely that other less adept surgeons will ever be able to match 
the operative results which the master technician Gross may attain. 

On Sept. 3, 1952, Lewis and Taufic' successfully closed an interatrial 
septal defect in a 5-year-old child using an open technique under hypothermia. 
30th venae cavae were temporarily occluded and the right auricle was widely 
opened. The contents of the atrium were aspirated and the defect was closed 
by suturing under direct ocular vision. The circulation was completely inter- 
rupted for five and one-half minutes. 

While this was a great and notable accomplishment resulting in complete 
surgical closure of a large septal defect, it is a method which probably will 
not be found acceptable for human beings with atrial septal defect. Even 
before Lewis’ case (Aug. 29, 1952) some of us (C. P. B. and H. E. B.) had 
operated upon a young woman with a large persistent ostium primum type of 
defect by a nearly identical method. At that time we were of the opinion that 
atrio-septo-pexy was not applicable in such a case. To our chagrin and dis- 
may, coronary arterial air embolism and ventricular fibrillation ensued, re- 
sulting in death upon the operating table.’* Subsequent laboratory experience 
with hypothermia and direct open surgery of the heart for interatrial defects 
has convinced us that the combined method is contraindicated in surgery of 
the left side of the heart because of this very danger (coronary air embolism). 
Since an atrial septal defect automatically provides wide opening of the left 
atrial chamber whenever the interior of the right atrium is exposed, it appears 
that open surgery under hypothermia (or by use of the heart-lung apparatus) 
is contraindicated in cases of interatrial septal defect. 

On Jan, 11, 1952,' one of us (C. P. B.) performed the first atrio-septo-pexy 
in a 37-year-old white woman (P. F.) using the left index finger inserted 
through the right auricular appendage to guide the passage of the suturing 
needle. Subsequently it was possible to demonstrate (by cardiac catheteriza- 
tion) that the defect and large left-to-right shunt had been completely closed. 
Table I. The patient’s previous myocardial insufficiency promptly disap- 
peared. 

TABLE I, CATHETERIZATION STUDIES OF P. F. 








PREOP, CATH. 


IMMED. P.O. 


CATH. 


3 MO. P.O. 
CATH. 





Pulmonary artery pressure 
Right ventricular pressure 
Right auricular pressure 
Pulmonary artery blood flow 
Systemic blood flow 
Left-to-right shunt 
Peripheral O, saturation 


90-40 
90-10 
10-2 


17.3 L./min. 
4.1 L./min. 
13.2 L./min. 


94% 


45-50/30-35 
45-50/0-2 
10-2 

5.9 L./min. 
5.9 L./min. 
0 L./min. 
82% 


95% 





This surgical success and the simplicity and logic of the technique have 


led us to persist in its application in other cases of interatrial communication. 

Schumacker’® has modified the original technique of atrio-septo-pexy by 
suturing a section of pericardium to the lips of a long incision surgically pro- 
duced in the right atrial wall. This has the effect of greatly enlarging the 





BAILEY ET AL.: ATRIO-SEPTO-PEXY 191 


right atrial chamber which facilitates extensive invagination. So far we have 
observed no need for such further enlargement of the already greatly dilated 
right atrium, even in small children. It probably needlessly complicates a 
relatively simple technique. Furthermore, there is question whether blood 
exposed to an atrial wall partially composed of pericardium might not undergo 
thrombosis. However in very young infants such an artificial enlargement of 
the right atrium might be very helpful. 


CONCEPT AND PRINCIPLE OF ATRIO-SEPTO-PEXY 


In its most extreme simplification, the interatrial septal defect represents 
a lack or dearth of cardiovascular tissue in the partition which separates the 
primitive atrium into its two mature subdivisions, This causes certain un- 
toward effects upon the circulation, chiefly because the pressures normally 
existing in the two atria are not equal. In most uncomplicated cases the pres- 
sure in the left atrium is higher than that in the right. Hence, in the absence 
of complete continuity of the interatrial septum, considerable blood will flow 
from the left atrium into the right. It is then necessary for it to traverse the 
right ventricle and the pulmonary circulation before it can again reach the 
left atrium. Here a portion will again cross the septum to retrace its passage 
through the pulmonary circuit, while the remainder enters the left ventricle 
via the mitral valve to contribute to the systemic arterial circulation. In some 
eases, the blood must pass through the pulmonary circulation several times 
for each passage through the aorta. 

The exact statistical relationship of blood flow in the two cireulations 
(beautifully demonstrable by cardiac catheterization) is dependent upon the 
size of the defect and upon the relative pressure differential existing between 
the two atria. The latter is influenced by the coexistence of other circulatory 
abnormalities, such as mitral stenosis or regurgitation (higher left atrial pres- 
sure), pulmonic stenosis (higher right atrial pressure), or high pulmonary 
vascular resistance (higher right atrial pressure). 

When the right atrial pressure is higher than the left, the shunt is, of course, 
from right to left and unoxygenated blood enters and becomes mixed with 
the arterial blood of the systemie circulation. This produces an oxygen under- 
saturation in the systemic arteries, and, if large, causes visible cyanosis. 

In many eases, especially those with a large defect, there is both a right- 
to-left and a left-to-right shunt. Such a double shunt is possible because the 
different pressure curves in the two atria vary in such a way (during the 
different phases of respiration and circulation) that the peak pressure in one 
occurs at a different time from the other. Under such conditions, the major 
shunt may be in one direction while the lesser one also demonstrably affects 
the cireulation (either higher oxygen content in the right atrium with a major 
right-to-left shunt, or undersaturation of the peripheral arteries with a pre- 
ponderant left-to-right shunt). 

The relative intra-atrial pressures and hence the direction of the shunt 
may change under certain conditions such as shock, heart failure, extreme 
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exertion, pulmonary infection, development of pulmonary hypertension, ete. 
Thus a previously acyanotic case may become cyanotic. 

In certain of the afore-mentioned conditions, the defect may have a par- 
tially compensatory function. Thus, in patients with total anomalous drain- 
age of the pulmonary veins into the superior vena cava or right atrium, the 
coexistence of an atrial septal defect is essential to the very maintenance of 
life, since the only entrance of blood into the left atrium is through the septal 
defect. 

In congenital pulmonic stenosis the right-to-left shunt through a patent 
foramen ovale or an interatrial septal defect may partially protect the right 
ventricle from overwork, exhaustion, and final failure. 

In any such instance, surgical intervention should be undertaken only 
with the greatest consideration of the logical consequences, Frequently, un- 
less the primary or coexisting pathology can be simultaneously corrected, 
surgical closure of the septal defect must be withheld. Fortunately, it is usu- 
ally possible to correct coexisting mitral stenosis, pulmonic stenosis, and 
anomalous drainage of the pulmonary veins either simultaneously or at a 
previous operation. After the surgical correction of a congenital pulmonic 
stenosis, the right-to-left shunt is usually completely abolished, especially when 
the interatrial communication is through a patent foramen ovale, as it usu- 
ally is. 

Having satisfied the conditions of preserving any possible compensatory 
function of the atrial defect and of correcting of any coexisting pathology, 
the problem of surgically obliterating the defect may remain. 

Having simplified the anatomic problem to one of simple deficiency of 
existing cardiovascular (septal) tissue, the obvious simplified need is to ob- 
tain excess cardiovascular tissue from elsewhere which can be applied to 
neutralize or overcome this deficiency. Some have employed substitute 
autogenous tissue (Schumacker’ and Merendino’) or prosthetics (Hufnagel® 
and Gross®) in an attempt to meet this need. Others have used the invaginated 
right auricular appendage (Cohn‘) or both appendages (Swan**) to supply 
the deficiency. These latter efforts have suggested a more logical method of 
supplying the frequently very large deficiency. 

The nearly always greatly dilated outer right atrial wall would seem to 
offer an ideal and adequate supply of available excess cardiovascular tissue. 
It is readily applicable to the septum by simple invagination with maintenance 
of adequate passages for the blood to travel from the respective venae cavae 
to the tricuspid valve. Accurate hemostatic suturing of the invaginated 
atrial wall to the edges of the defect is feasible using intracardiae digital guid- 
ance for proper placement of the sutures. The right atrial appendage offers an 
excellent pathway for the intracardiac insertion of the left index finger. The 
approach to the tricuspid valve is not seriously diminished by such right 
auricular invagination even in cases of large persistent ostium primum, With 
care, even in these latter difficult cases, there need be no significant distortion 
of either the tricuspid or mitral valve leaflets. 

Shafiroff and his co-workers'* have shown that even free grafts of atrial 
wall readily survive transplantation to various portions of the surface of the 
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heart. It is therefore evident theoretically, as well as clinically, that even 
complete interruption of the continuity of the normal peripheral blood supply 
to the circumscribed invaginated portion of the right atrial wall by multiple 
interlocking mattress sutures does not seriously impair the viability of this 
segment. 
INTRINSIC CONDUCTION SYSTEM 

It was feared at first that suturing to the remnants of the auricular septum 
might produce disturbances of cardiac rhythm and might even completely 
interrupt the conduction system. These fears have proved largely unfounded. 
The operative course, in these cases, is rarely attended by any rhythmie dis- 
turbance except for an occasional atrial premature contraction. 


_ Fig. 9.—Showing location of auricular-ventricular node and conduction bundle. While 
this. system may be readily encircled by a suture in the experimental animal, it is easy to 
avoid it in human beings. 


In the experimental animal, however, it is easy deliberately to encircle 
and to ligate the auriculoventricular conducting bundle (His) close to its origin 
just anterior to and slightly caudad to the ostium of the coronary sinus. 
(Fig. 9.) Complete auriculoventricular dissociation results with development 
of an idioventricular rhythm. Sooner or later ventricular fibrillation super- 
venes with immediate exitus. Such possible inadvertent interruption of the 
conducting system must, therefore, be carefully guarded against in human 
beings, especially when dealing with low defects of the persistent ostium 
primum type. 

It is suggested that the operator attempt deliberately to localize the 
coronary ostium by digital exploration before placing any sutures. He should 
then keep well cephalad to that area, even if it means failure to completely 
close a small residual defect in this region, Small persistent residual defects 
permit small residual shunts but do not preclude an excellent clinical result. 

In addition, when placing the lowermost sutures in the closure of these 
defects, the actual tying down of the knots should be performed gradually 
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and deliberately with close observance of the electrocardiographie (direct) 
tracing and of the gross cardiac action. Any irregularity or abnormality sug- 
gesting beginning compression or distortion of the conduction system contra- 
indicates further tightening of that suture, and probably should require its 
immediate removal. 

By observance of these two precautions, interference with the cardiac con- 
duction system should be negligible. 


PATHOLOGIC ANATOMY 


Since interatrial communications are nearly always of congenital origin 
(except when of traumatic or surgical origin) they follow certain clear-cut 
patterns depending upon the type of deficiency in embryonic development. 
It is not the purpose of this article to undertake any detailed description of 
the embryologic development of the heart or septum. In a previous presenta- 
tion' much of this has been outlined. For more profound consideration of 
the septal development, the reader is referred to the several excellent available 
texts on embryology. 


Fig. 10.—Lacelike or netlike strands of tissue may bridge an atrial septal defect. 


The most extreme cardiac malformation in which an interatrial com- 
munication is prominent is called atrioventricularis communis.’ Here not only 
the lower atrial septum but also the upper ventricular septum is defective so 
that all four cardiac chambers are in free communication in the region of the 
atrioventricular valves. At the present time we are unable to visualize any 
practical method of performing corrective surgery for this condition. 
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The most severe specifically atrial septal deficiency is the complete ab- 
sence of the interatrial septum so that there is anatomically a single atrium. 
This condition implies a complete failure of development of both the septum 
primum and the septum secundum. It is very rare. Most cases of so-called 
‘‘single atrium’’ are cases in which a very large atrial defect exists, per- 
mitting free admixture of the atrial contents. Such a case may be considered 
functionally as a case of ‘‘single atrium,’’ but small ridges or remnants of 
septal tissue indicate that anatomically complete failure of development of 
one or both of the primitive septa did not occur. In such a ease, as in any 
case with a very large defect, lacelike or ropelike strands of residual septal 
tissue may bridge the defect. (Fig. 10.) 


It is now our belief that by a combination of the techniques of anterior- 
posterior atrial wall approximation (Murray) and of atrio-septo-pexy that 
even in cases of single atrium the two atria can be rendered anatomically sepa- 
rate with consequent complete separation of the two circulations. M. K. repre- 
sents such a condition surgically corrected. 


Fig. 11.—A, Persistent ostium primum showing lack of a ridge of residual septal tissue. 
B, Coexistence of true atrial defect and persistent ostium primum. They may join forming a 
very large combined defect. 


The next most serious interatrial communication is the so-called ‘‘per- 
sistent ostium primum.’’ It represents a failure of normal development of the 
septum primum. The septal opening is low, extending to the atrioventricular 
valves which may or may not be deformed. The outline of the defect is usu- 
ally either roughly crescentic or semicircular with the interventricular septum 
forming the lower straight margin of the defect. (Fig. 11, A.) In some cases 
there may be a coexisting defect in the septum secundum either presented as 
an entirely separate opening, or perhaps joined with the ostium primum. 
(Fig. 11, B.) 
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While we originally felt that defects of this type could not be completely 
closed surgically, by the addition of one or more sutures employing Murray’s® 
principle, atrio-septo-pexy has proved a very satisfactory and completely 
effective surgical method. 

The central defect of the atrial septum is the commonest type of atrial 
communication. It is due to improper development of the septum secundum. 
It may be large or small, but the small defects are seldom recognized during 
life because they permit only a small shunt and hence few clinical symptoms. 
The central defect may approach, overlap, or inelude the foramen ovale but, 
unlike the latter, does not have a valve on the left side of the opening. There- 
fore, the resulting shunt may be in either direction or even biphasic. 

The central defect is the easiest of all to close surgically. The small ones 
may be simply sutured together. While Gross* ?° is content with simple 
closure of such defects, we feel that it is preferable to invaginate and to at- 
tach the redundant right atrial wall to the closed defect for reinforcement of 
the suture line. (Fig. 12, A and B.) 


A, 


Fig. 12.—A, Direct suture closure of a small atrial septal defect (Gross). B, Invagination 
and suturing of right atrial wall to reinforce simple suture line of closed atrial defect. 


The larger central defect is also usually easily closed by atrio-septo- 
pexy with an adequate passage for the superior vena caval blood flow being 
preserved posteriorly. <A large (anterior and cephalad) portion of the dilated 
right atrial wall, including the auricular appendage, is invaginated and su- 
tured to the edges of the septal defect, producing a large eccentric ‘‘dimple’’ 
in the atrium. (Fig. 13.) Occasionally the larger defects extend so low 
toward the auriculoventricular valves that they present certain of the surgical 
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Fig. 13.—Large dimple produced by atrio-septo-pexy in redundant right atrium, converting 
atrial chamber into doughnut shape. 


Fig. 14.—A, B, C, and D, Method of closure of very deep lower edge of atrial septal defect by 
progressive application of deep approximating sutures, 





198 THE JOURNAL OF THORACIC SURGERY 


problems usually associated with persistent ostium primum. While there is, 
in these eases, always a ridge of septal tissue extending up from the valve 
level, it may be fragile or even lacelike in character. It is also deeply located 
within the dilated right atrium. Secure suturing of the atrial wall to this 
ridge then becomes difficult, and if the septal remnant is fragile suturing may 
be impossible. While sufficient diminution in the size of the defect and hence 
in the amount of shunt may be attainable for clinical amelioration without 
complete surgical closure of the defect, such incomplete procedures are ob- 
viously undesirable. 

The beginner may be content merely to reduce progressively this residual 
lower portion of the defect by additional mattress sutures which progressively 
approximate the points of attachment of the invaginated wall to the septum. 
(Fig. 14, A, B, C, and D.) The more experienced operator will prefer to place 
one or more anteroposterior approximating sutures after the method of 
Murray.’ These will effectively close the lower portion of the defect and will 
complete the correction. The intracardiac digital control of the placement of 
these sutures makes this portion of the procedure very satisfactory. (Fig. 15.) 


rE iy 


aT 


Fig. 15.—Application of one or more anterior-posterior approximating mattress sutures after 
the method of Murray to close lower margin of persistent ostium primum. 

Eccentrically located septal defects and multiple defects provide no 
special hazards or difficulties (except the possibility of overlooking and 
therefore of failing to correct the additional lesion). In certain cases they 
will cause the surgeon to re-route the superior vena caval flow anteriorly or be- 
tween two areas of approximation of the atrial wall to the septum. (Fig. 16, 
A and B.) 

The interatrial communication associated with anomalous entrance of the 
pulmonary veins into the right atrium or into the superior vena cava is one 
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of especial interest because of its frequency (seven in twenty-one operated eases). 
Since it is partially or completely compensatory, it should not be closed until 
provision has been made for preservation of a subsequent adequate type of 
circulation. 

Fortunately, in the majority of cases, only part or all of the veins of the 
right lung enter the right atrium and/or the superior vena cava. In such 
cases the anomalous veins can be, in effect, transposed into the left atrium by 
the same maneuvers which close the defect. This technique has been described 
by Neptune, Bailey, and Goldberg.’® For the sake of simplification it is pos- 
sible to consider that the portion of the atrial wall which contains the entrance 
of the anomalous veins is the portion invaginated and sutured to the edge of 


Fig. 16.—A, Rerouting of superior vena caval flow forward by closure of posterior defect. 
B, Rerouting superior vena caval flow between two areas of invaginating suture repair of 
small atrial defects. 
the defect. The location of the defect (posteriorly) which is uniformly close 
to the entrance of the vein orifices, probably satisfying certain embryonic 
relations or requirements, renders such a direct application of the mouths 
of the vessels into the defect simple and feasible. In actual practice, especially 
when one or more of the veins actually enters the superior vena cava, it is 
technically simpler to suture the redundant right atrial wall to the anterior 
edge of the defect in such a way that the atrium is divided into two compart- 
ments. The posterior smaller compartment is excluded from the rest of the 
right atrium and contains the septal defect and the entrance of the anomalous 
veins. The stream of the superior vena cava is separated from the anomalous 
pulmonary venous flow by a row of dividing mattress sutures and is directed 
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forward into the anterior and larger right atrial compartment. This compart- 
ment also drains the inferior vena cava and empties into the tricuspid valve. 
(Fig. 17, A and B.) 

While the exact anatomie details vary in such eases, there is usually a left 
(as well as right) superior vena cava. The left pulmonary veins drain into a 
common venous trunk which joins the left superior vena cava. The latter 
may cross behind the great arterial vessels to empty into the right superior 
vena cava, or it may drain directly into the coronary sinus. (Fig. 18, A 
and B.) 


B. 

Fig. 17.—A, Anatomic nearness of atrial defect to mouths of anomalous right pulmonary 
veins suggests a developmental explanation. B, By a row of sutures applied as to approxi- 
mate the septum and the outer wall of the right atrium, the latter is subdivided into two 
compartments: (1) a small posterior one into which the anomalous veins drain and com- 
municate with the left atrium through the septal defect, and (2) a large anterior one com- 
municating the venae cavae and coronary sinus with the tricuspid valve. This completely 
separates the two circulations, 


When the pulmonary venous drainage of both lungs empties into the right 
atrium and/or superior vena cava, a two-stage procedure is usually necessary. 
The exact surgical details depend upon the particular anatomic variant to be 
dealt with. Since the atrial defect in these cases offers the only possible mode 
of ingress of blood into the left atrium, it must not be closed until part or all of 
the pulmonary venous return can enter the left atrium by another route. 

The right pulmonary veins may empty directly into the right atrium, 
and/or the right superior vena cava, or (as in a ease recently seen) the left 
superior vena cava before it joins the right. (Fig. 19, A and B.) 

In any event, the first logical surgical step for the correction of such a 
combination is an operation of the Miiller type’® upon the left, in which the 
left pulmonary venous trunk is anastomosed either to the left atrial appendage 
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or preferably to the true left atrial chamber at its base. At the same time, 
any communication to the coronary sinus or to any systemic veins must be 
interrupted. (Fig. 20, A.) 


Fig. 18, A. Fig. 18, B. 


Fig. 19, A. Fig. 19, B. 


Fig. 18.—Left pulmonary drainage into a left superior vena cava which (A) may join 
the right vena cava or (B) may empty into the coronary sinus (posterior view). 

Fig. 19.—In total anomalous venous drainage the right pulmonary veins may empty 
oumneume into (A) the right superior vena cava or right atrium or (B) may join the left 
superior vena cava (posterior view). 
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At a second operation, by a right-sided approach, the septal defect is 
closed and the right pulmonary drainage is transposed into the left atrium by 
the method of modified atrio-septo-pexy previously described. (Fig. 20, B.) 
However, in the case mentioned, since the right pulmonary veins were already 
in communication with the left veins via a portion of the left superior vena 
cava, it would only have been necessary to separate the communication to the 
right superior vena cava to permit all pulmonary veins to enter the left atrium 
via the stump of the left auricular appendage. The septal defect could then 
be closed in the usual manner at a subsequent procedure. (Fig. 21, A, B, and C.) 


A. B. 
Fig. 20.—A, The first stage of correction of total anomalous venous drainage is anas- 
hupwlin 0 in Wt we nny a 
For the sake of completeness, a persistent patent foramen ovale must be 
considered among the interatrial communications. Since the foramenal valve 
is nearly always present and competent, any existing shunt must always be 
from right to left. A persistent foramen ovale is therefore only functional as 
a transatrial communication when the pressure in the right atrium is higher 
than the pressure in the left atrium. The usual clinical condition in which 
this situation exists is isolated congenital pulmonic stenosis. Such patients 
frequently show cyanosis or oxygen undersaturation of the peripheral arterial 
blood because of the passage of unoxygenated blood from the right atrium 
into the left through the persistent patent foramen ovale. Adequate relief of 
the pulmonic obstruction by direct surgical attack permits the right atrial 
pressure to decrease. When it becomes less than that in the left, the 
foramenal valve closes abolishing further shunt. In such cases, it is apparently 
unnecessary to attack the foramen itself. 
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B. C. 


Fig. 21.—A and B, When the veins from both lungs join the left superior vena cava, the 
first step is a lateral anastomosis of the left venous trunk to the side of the left atrium. The 
second step is the separation of the pulmonary venous flow from the systemic veins. C, At a 
second stage the septal defect is closed by atrio-septo-pexy. 
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Lutembacher syndrome,’ by definition, consists of mitral stenosis plus 
an interatrial communication. Taussig'® considers that the existence of an 
interatrial communication predisposes to the development of rheumatic in- 
fection and hence of rheumatic mitral stenosis. On the other hand, Lutem- 
bacher* 17 felt that the great dilatation of the left atrium which sometimes oc- 
curs in mitral stenosis resulted in extreme enlargement of the foramen 
ovale and in incompetence due to distortion of the foramenal valve so that a 
left-to-right shunt could occur. 

The experience of the senior author (C. P. B.), comprising operative 
intervention in four cases of Lutembacher syndrome, would tend to uphold 
Taussig’s opinion since a true atrial defect was present in each instance. 


Fig. 22.—A, Performance of digital mitral commissurotomy via right atrial gppgndage 
and the septal defect. Incisional commissurotomy may be similarly accomplished. ', Closure 
of septal defect to complete cure in Lutembacher syndrome. 

However, it is evident that regardless of the type of interatrial com- 
munication in a case of Lutembacher syndrome, complete surgical correction 
of the condition requires both relief of the mitral stenosis by adequate com- 
missurotomy and subsequent closure of the defect. In one of the two cases of 
Lutembacher syndrome detailed herein, a previously unrecognized septal 
defect was found during the course of a mitral commissurotomy. After com- 
pletion of this procedure the left thoracic wound was immediately closed and 
entrance was made through the right chest for a simple atrio-septo-pexy. In 
the other case, an accurate preoperative diagnosis permitted primary entrance 
through the right thorax. The mitral valve was approached via the right 
auricular appendage and the septal defect. A digital commissurotomy was 
performed with the left index finger, both commissures being split to produce 
a mitral orifice capable of passing two fingers into the left ventricle. The 
large defect was then closed in the usual manner by atrio-septo-pexy. Had 
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instrumental commissurotomy been necessary, no particular difficulty in in- 
cising the valve would have been experienced because of this unusual ap- 
proach. (Fig. 22, A and B.) 

If, for some reason, it should be necessary to close a persistent patent 
foramen ovale, atrio-septo-pexy would offer an ideal and simple method. 


CLINICAL COURSE AND PROGNOSIS 


Abbott’® states that uncomplicated auricular septal defects, even when 
of very large size, usually run their course without symptoms until later 
middle life when these patients commonly die with the appearance of a 
terminal cyanosis and signs of right ventricular asystole. 

Taussig’® states that patients with interatrial septal defects usually have 
little trouble in childhood and early adult life but experience great progres- 
sive cardiae enlargement and gradual loss of myocardial reserve until con- 
gestive heart failure supervenes. She estimates the average length of life in 
such patients at about 40 years. Bailey, Downing, and their associates’ have 
pointed out that there is a great variation in the clinical course and in the life 
expectancy in various individuals with interatrial communications. Some die 
in early infancy, while others live to an apparently normal life span without 
unusual difficulty. 

Undoubtedly the course depends largely upon the magnitude of the actual 
shunt and upon the intrinsic vigor and vitality of the heart muscle. However, 
associated and intercurrent conditions such as the presence of mitral stenosis, 
or the development of pulmonary hypertension (evidence of increase in pul- 
monary vascular resistance) are undoubtedly determinative of the clinical 
features in many instances. 

Probably the most important single pertinent feature is the size of the 
defect since it does much to determine the size of the flow or shunt between 
the atria. Undoubtedly, most persons with a large atrial septal defect will 
show signs and symptoms of loss of cardiae reserve relatively early in life. 
This is not surprising when we consider that in such cases the pulmonary 
blood flow is frequently several times that of the peripheral. Such inef- 
ficiency of the heart as a pump leads to great and persistent overwork with 
consequent sharp drop in the usual great myocardial reserve. 

Fortunately it is now possible to diagnose accurately nearly every case of 
significant interatrial communication by catheterization. The only source of fre- 
quently unavoidable error is the presence or coexistence of anomalous pulmonary 
venous drainage. However, since this condition produces a left-to-right 
shunt very similar to that seen in uncomplicated atrial septal defects, it 
equally needs surgical correction. It is nearly always associated with a co- 
existing interatrial communication. Since the required surgery is, in most 
cases, of a very similar nature (except where actual lobectomy is contem- 
plated) the exact differentiation between these conditions is more of didactic 
than of clinical importance. 

It must be emphasized that no presently existing method of study, in- 
cluding cardiac catheterization, is capable of accurately diagnosing the type 
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and size of the interatrial septal defect. Fortunately, practically all such 
defects are readily amenable to corrective surgery. Therefore, exploratory 
surgery may always be considered as necessary in cases of evident septal 
defect. 

TECHNIQUE OF ATRIO-SEPTO-PEXY 

Let us first discuss atrio-septo-pexy in its most simplified and classical 
form: for a central defect of the septum secundum. With the patient in the 
supine position, a transverse incision is made over the right anterior thorax 
to permit wide exposure of the right fourth interspace. Bleeding points are 
clamped and ligated or coagulated. The fourth interspace is widely opened 
with division of the fourth and fifth cartilages at the sternum. The internal 
mammary vessels are divided between clamps and are ligated. 

The right lung is compressed and the pericardium is widely opened 
parallel to, and 1 em. anterior to, the right phrenic nerve. The anterior lip 
of the pericardium is suspended anteriorly by traction sutures. 

The greatly distended right atrium is then visualized and palpated. An 
attempt is made to establish the existence or absence of anomalous pulmonary 
veins which may drain to the superior vena eava or directly into the right 
atrium. The aortie arch and the pulmonary artery are inspected for hypo- 
plasia, dilatation, and abnormal pulsations or thrills. 

A purse-string suture of No. 2 braided silk on a curved atraumatie needle 
is applied about the right atrial appendage. The ends of the purse-string 
suture are incorporated within a Rumel-Belmont tourniquet for ease of hemo- 
stasis during subsequent intracardiae digital manipulations. 

A nonerushing clamp of the Satinsky portacaval or the Potts curved 
duetus type is placed across the base of the right auricular appendage. A 
2 em. incision is then made into the lumen at the tip, and all obstructing 
trabeculae are carefully divided. An assistant picks up each lip of the ap- 
pendageal incision and after flushing with saline, the ungloved left index 
finger of the operator is inserted into the incision, As the clamp is removed 
from the appendage the bare finger tip is readily inserted deeply into the ar- 
terial chamber. 

Exploration is carried out methodically. The superior and inferior venae 
eavae are first located, and then an attempt is made to feel the ostium of the 
coronary sinus. The tricuspid valve is located anteriorly and the exploring 
finger is tentatively passed through it into the right ventricle to corroborate 
its identity and to estimate the size of its aperture. Any incompetence or 
stenosis of this valve is noted. 

Then a search is made for the septal defect, starting in the region just 
above (cephalad to) the tricuspid valve. Particular effort is made to deter- 
mine whether there is a ridge of septal tissue above the auriculoventricular 
valve or whether it is completely lacking (indicative of a persistent ostium 
primum). The finger sweeps around the periphery of the defect to determine 
its size, its shape, the presence or absence of trabeculae, the nature and extent 
of the tissue making up the edges or remnants of the septum, multiplicity of 
defects, ete. 
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After generally exploring the defect, the finger is passed along the pos- 
terior (vertebral) margin of the defect and the mouths of the pulmonary veins 
are located as being either to the left (normal) or to the right (anomalous) 
of the posterior septal remnant. 

Finally the finger tip is passed well through the defect to palpate the left 
auricular appendage and then posteriorly and inferiorly (caudad) into the 
mitral valve. Any regurgitation or stenosis is identified, and its degree. If 
appreciable mitral stenosis exists it must be corrected by digital or digitally 
guided instrumentation via the atrial defect. All of the usual rules of mitral 
commissurotomy (Bailey, Bolton, and Redondo-Ramirez*’) must be observed, 
especially with regard to the dangers of production of serious regurgitation. 

The line of suturing of atrial wall to septum is now planned. Provision 
is made for preservation of an adequate intra-auricular passageway for the 
flow of the superior vena caval blood to the tricuspid valve. In central de- 
fects the passageway is preserved posteriorly and the first sutures placed are 
to the posterior edge of the septal defect routing the vena caval flow behind 
it. In cases with anomalous drainage of the right pulmonary veins, the first 
sutures are placed in the anterior edge of the septal defect and the superior 
vena caval flow is re-routed anteriorly. 

The actual atrio-septo-pexy is then begun. The finger is drawn out until 
only the terminal phalanx remains within the heart. A heavy silk or cotton 
suture on an atraumatie curved needle (similar to that used for the purse 
string of the appendage) is passed from the lateral atrial wall near the en- 
trance of the superior vena cava into the lumen of the right atrium, and then 
into the edge of the septal remnant in this area. The tip of the curved needle 
is then caused to turn back on itself repuncturing the septal remnant (to pro- 
duce a mattress suture effect) and to emerge from the lateral atrial wall at a 
little distance from its entranee. An assistant grasps it and draws the needle 
from the heart in a turning or rotary fashion. The suture ends are then tied 
down with considerable tension in order to traumatize somewhat the included 
auricular wall and septal tissue so that secure approximation and healing 
will result. It is considered best to interrupt each mattress suture. (Fig. 23, 
A, B, C, and D.) 

Each subsequent suture is applied in overlapping fashion so that one- 
half of the septal and atrial wall approximated by the previous suture is in- 
eluded in each subsequent one. Thus the line of atrio-septo-pexy would seem 
to be ensured as anatomically intact. Usually the mattress sutures are ap- 
plied parallel to the edge of the septal defect. This eventually results in a con- 
siderable reduction in the size of the defect by a purse-string-like action. How- 
ever, individual mattress sutures may be applied at right angles to this line. 
We do not feel the need of a double line of approximating sutures and fear 
that it might reduce the residual right atrial chamber unduly. 

The redundant right atrial wall is rather readily approximated to the 
septal edge in the upper portion of the atrium (near the superior vena cava) 
in all cases. In the case with anomalous right pulmonary venous drainage 
this ease of approximation to the septal edge is general in all portions of the 
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suture line. However, in low-placed, large, central defects it may be diffi- 
cult to approximate the right atrial wall to the lower (caudad) septal margin. 
An extra large curved needle renders the application of sutures in this area 
much easier. It is always preferable to have actual atrial wall-septal contact 
by adequate atrial invagination before attempting to pass the suturing needle. 

When the lower margin of the defect is very deep, simple direct suturing 
to the right atrial wall can be accomplished by using a rather large curved 
needle. However, this necessarily encompasses a large part of the redundant 
atrium so that it is excessively used up by such large suture bites. However, 
if the operator applies this large needle as described, he may merely pass it 


A. B. 


C. D. 


Fig. 23.—A, Digital exploration of septal defect via right atrial appendage. B, Place- 
ment of first suture in atrio-septo-pexy. C, Progressive approximation of invaginated right 
atrial wall to periphery of septal defect. D, Completion of atrio-septo-pexy. 
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until it becomes completely disengaged from the septum but does not com- 
pletely emerge from the right atrial chamber. The needle holder then grasps 
the emerging point of the needle and ‘‘backs it up,’’ redirecting it so that 


Fig. 24. 


x 


Fig. 25. Fig. 26. 
Fig. 24.—Separation of flow of vena caval blood from that of anomalous superior pul- 
monary vein by a row of mattress sutures. 


Fig. 25.—Complete separation of superior vena caval and anomalous pulmonary flow by 
division and suture. 


Fig. 26.—Continued separation of systemic and anomalous pulmonic venous flow. 
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the ‘‘heel’’ of the needle emerges in reverse fashion from a selected site on 
the atrial wall about 1 em. from the original site of entrance. The needle is 
completely removed from the heart in this retrograde fashion. When this 
suture is tied down, only a limited portion of right atrial wall will be saeri- 
ficed. The extra needle puncture hole will usually not even require a stitch. 

In eases with anomalous pulmonary venous drainage where one or more 
pulmonary veins actually enters the superior vena cava, it is necessary at least 
to divide the vena caval channel by a row of mattress sutures. (Fig. 24.) 
Probably it is preferable actually to divide it anatomically between two Potts 
toothed clamps of the ductus type. The vascular continuity can then be re- 
established by fine continuous silk sutures. (Fig. 25.) The line of vena caval 
division is subsequently made continuous with the line of suturing of atrium 
to the anterior septal edge. (Fig. 26.) 

In all eases with anomalous venous drainage the uppermost and lower- 
most sutures should be placed before the central ones, lest prior application of 
the central ones interfere technically with the secure application of the less 
accessible ones at the extremities of the suture line. 

In patients with low central defects, great care should be taken to pre- 
serve sufficient of the redundant right atrial wall while completing the upper 
(cephalad) portion of the defect closure to permit the extensive atrial in- 
vagination needed in the lower portion. In certain cases it may be necessary 
to use one or more anterior-posterior approximating mattress sutures employ- 
ing Murray’s principle. The intracardiac finger guides a large slightly curved 
needle from the upper (anterior) portion of the atrium to, into, and through 
the lower septal remnant. The needle point traverses the anterior-posterior 
extent of this remnant and emerges from the posterior atrial wall. It is drawn 
through and then is passed back in mattress suture fashion, this time crossing 
the atrial chamber without penetrating the lower septal remnant, emerging 
close to its point of entrance. Tight tying down of this suture brings about 
anterior-posterior approximation of the atrial wall in this area and largely 
completes the closure of the lower portion of the defect. One or more such 
parallel sutures will usually complete the atrial separation. (Refer to Fig. 15.) 

A very similar technique may be applied in cases of persistent ostium 
primum, but here the suture actually traverses the substance of the uppermost 
extremity of the interventricular septum (median raphe between the two 
auriculoventricular valves). 

While this modification of the standard technique of atrio-septo-pexy 
would seem preferable in cases of persistent ostium primum, an alternative 
method is provided by using an additional left auricular approach for the 
guiding left index finger. This technique was used in the patient M. G. and 
permitted complete closure of the lower margin of a persistent ostium primum 
by simple atrio-septo-pexy without using Murray’s principle. (Fig. 27.) 

The low anatomic location of the left atrial appendage makes digital 
guidance of the suturing of the lower margin of an auricular defect, by this 
approach, much easier than by the usual right approach. However, this 
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method requires transection of the sternum and opening of both pleural 
cavities. We believe such an extensive thoracic wound to be unduly hard 
on the patient. 

RESULTS IN THIS PRESENTED SERIES 

Table II shows the defects of septum secundum, and Table III lists the 
defects of septum primum (persistent ostium primum). 

In a series of fourteen patients presenting a defect of the septum secundum, 
two patients were found with coexisting mitral stenosis (Lutembacher syn- 
drome), and there were five patients with anomalous entrance of the pul- 
monary veins into the right atrium and/or the superior vena cava. These as- 
sociated conditions were simultaneously corrected. The two operative deaths 
in this series occurred on the operating table. One patient (B. C.) was shown 
at autopsy to have a complete thrombosis of the left pulmonary artery, sug- 
gesting that anoxemia due to right lung collapse may have precipitated the 


eardiae standstill. 


Fig. 27.—Low anatomic position of left atrial appendage renders digital exploration and 
suture guidance by this route more satisfactory in very low defects such as persistent ostium 
primum, 

The other patient (Y. N.) was in very poor condition preoperatively with 
an unstable blood pressure. 

In seven patients with defects of the septum primum, complete surgical 
closure was accomplished in four instances. However, death occurred in three 
eases. In one patient (I. D.) death was apparently related to depression of 
myoeardial activity due to application of hypothermia as an adjunct to 
surgery. In one patient (M. G.) a renal shutdown appeared immediately 
after surgery. The third patient (G. H.) was in very poor condition before 
and during surgery, presenting a serious type of hypotension throughout. 
Circulation failed to become adjusted in the postoperative period. 

In the surviving patients, postoperative catheterization has been carried 
out in six instances to date. Four of these studies have revealed complete 
abolition of the shunt and correction of the defect and associated lesions. In 
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two, it is evident that a small residual interatrial communication and shunt 
persists. However, the clinical improvement has been remarkable even in these 
patients. All evidence of impairment of myocardial reserve has disappeared, 
and they have returned to full normal activity. Indeed, only one patient in the 
entire series (M. 8.) has failed to make a complete clinical recovery. 


CASE REPORTS 

CASE 1.—P. F., Hahnemann Hospital, No. 65121, a white woman, 38 years old, was 
operated on Jan, 11, 1952. A heart murmur had been present from birth. One year prior 
to admission dyspnea on exertion developed, becoming progressively more incapacitating. 
Three months before admission, cardiac catheterization was performed at another hospital. 
The catheter passed through an atrial septal defect and the blood oxygen studies demonstrated 
a large left-to-right shunt. On physical examination the heart was enlarged. There was no 
thrill. The pulmonic second sound was markedly accentuated. A rough, Grade 3, systolic 
murmur was heard in the third left interspace. The electrocardiogram showed marked right 
ventricular hypertrophy and strain. On fluoroscopy the pulmonary vascular markings were 
greatly accentuated. The heart was enlarged to right and left. The right auricle and ven- 
tricle were very prominent. The left cardiac chambers were of normal size. The main pul- 
monary artery was hugely dilated, and the right and left pulmonary arteries were very prom- 
inent. Pulsations were increased. The aorta appeared relatively small. 

At operation on Jan. 11, 1952, the interatrial septal defect was completely obliterated 
by atrio-septo-pexy. The early postoperative course was marked by much difficulty with re- 
gard to retained bronchial secretions. Bronchoscopy was necessary on four successive days. 
On the second postoperative day auricular fibrillation developed but was readily controlled. 
On the sixth day a right paravertebral thoracic nerve block, T 3 to T 8 inclusive, was per- 
formed because of persistent right chest pain. Throughout the remainder of the hospital stay 
the patient’s condition progressively improved, although there was persistence of rales, bron- 
chial breathing, and dullness at the right base. At no time was there cyanosis or venous 
distention. No murmur was audible, and there was a significant decrease in the intensity of 
the pulmonic second sound. Fluoroscopy before discharge showed the pulmonary vasculature 
to be unchanged, but there was a decrease in the transverse diameter of the heart. Cardiac 
catheterization indicated that there now was no left-to-right shunt. 


CASE 2.—M. S., Hahnemann Hospital, No. 73901, a 41-year-old white woman, was op- 
erated on Aug. 4, 1952. The patient had had rheumatic fever at the age of 16 years. Heart 
murmur was first detected eleven years ago. Subsequent repeated rheumatic episodes fol- 
lowed. Exertional dyspnea, nocturnal dyspnea, and orthopnea were also present, and the 


patient experienced near-syncope upon descending stairs. Harsh systolic murmur was heard 
at the apex and along left sternal border. Preoperative cardiac catheterization revealed 
atrial septal defect, anomalous pulmonary venous drainage into the right atrium or superior 
vena cava. Atrio-septo-pexy and transposition of anomalous pulmonary veins into the right 
atrium were performed. Postoperative catheterization revealed the previous left-to-right 
shunt had been completely eliminated. Patient had a good postoperative course and is 


asymptomatic. 


CasE 3.—B. C., Hahnemann Hospital, No. 74855, a white woman, 40 years old, was 
operated on Aug. 25, 1952. Heart murmur had been noted 15 years previously. There had 
been progressive exertional dyspnea for the past year with occasional ankle edema. Pre- 
operative cardiac catheterization revealed an atrial septal defect with anomalous pulmonary 
venous drainage into the right atrium. Over-all left-to-right shunt, 0.6 L. per minute, was 
present. Atrio-septo-pexy was performed on Aug. 25, 1952. During the operative pro- 
cedure, cardiac arrest occurred; the usual supportive measures were not effectual in resusci- 
tating the heart beat, and the patient expired on the operating table. 
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Case 4.—J. 8., Hahnemann Hospital, No. 75971, an 11-year-old white girl, underwent 
operation on Sept. 19, 1952. She was subject to frequent upper respiratory infections and 
repeated illnesses until the age of 6 years. Murmur was detected during the first year of life. 
Exercise tolerance was progressively poor. No cyanosis was present; however, she had ex- 
perienced four episodes of syncope. The heart was enlarged to two plus. There was normal 
sinus rhythm, but systolic murmur to the left of the sternal border at the fourth and fifth 
interspaces. There was a midlate diastolic murmur in same area. Preoperative cardiac 
catheterization revealed atrial septal defect. Atrio-septo-pexy under hypothermia (88° F.) 
was performed on Sept. 19, 1952. An ostium secundum about 2 em. in diameter existed as 
well as a right pulmonary vein entering into the right auricle. Postoperative catheterization 
revealed a very small shunt at the atrial level, but it was not significant. It was thought 
that the tip of the catheter might have been actually through the septum, perhaps between 
the sutures in the atrial wall. Postoperative course satisfactory. Clinical improvement is 
excellent. 


CASE 5.—J. C., Hahnemann Hospital, No. 77508, a 35-year-old white man, was operated 
on Oct. 27, 1952. He had suffered from increasing fatigue and dyspnea for one year. Two 
episodes of mild cardiac failure had occurred within the past year. Until 10 years ago he 
had led an active life in sports. Grade 2 systolic murmur was present over the apex. There 
was reduplication of pulmonic second sound and rales at both bases of the lungs. Markedly 
enlarged pulmonary artery and enlargement of the left auricle and right ventricle were ob- 
served. Preoperative cardiac catheterization revealed interatrial septal defect and severe 
pulmonary and right ventricular hypertension; left-to-right shunt was present at the atrial 
level. Atrio-septo-pexy was performed and a good postoperative course followed. Post- 
operative cardiac catheterization on March 20, 1953, revealed that the defect was greatly re- 
duced but not completely closed. 


CasE 6.—R. B., Hahnemann Hospital, No. 78217, a white, 44-year-old woman, underwent 
operation on Nov. 10, 1952. Cardiae decompensation had first occurred fourteen years ago. 
It had grown progressively worse during the past year. The patient went to surgery on Nov. 
10, 1952, with preoperative diagnosis of rheumatic valvular heart disease, inactive, with mitral 
stenosis, advanced, and mitral insufficiency, minimal. Findings at operation revealed mitral 
stenosis with an interatrial septal defect and some degree of tricuspid regurgitation. Mitral 
commissurotomy was performed (both anterior and posterior commissures) as well as atrio- 


septo-pexy. The patient had a satisfactory postoperative course. Cardiac catheterization, 
performed postoperatively, revealed the defect to be closed. 


CasE 7.—T. S., Hahnemann Hospital, No. 81647, a 6-year-old white boy, was operated 
on Jan. 29, 1953. Murmur had been known to be present since birth. He had frequent re- 
spiratory infections, very slight cyanosis of the lips, and limited exercise tolerance. Pre- 
operative cardiac catheterization demonstrated atrial septal defect, physiologically significant, 
and also suspected anomalous pulmonary venous drainage into the right atrium. On Jan. 29, 
1953, atrio-septo-pexy with transposition of the right pulmonary vein into the atrial septal 
defect was performed. The patient had a very satisfactory postoperative course. One 
catheterization has been performed postoperatively, but it was unsatisfactory and will have 
to be repeated. Subsequent cardiac catheterization revealed the defect to be closed. 


CasE 8.—C. M., Hospital Sao Paulo, Brazil, an 8-year-old girl, underwent operation on 
Feb. 12, 1953. She had a history of a murmur at birth, but no cyanosis. She could only 
engage in limited activity. Preoperative cardiae catheterization revealed a left-to-right 
shunt, 6 L. per minute. An atrial septal defect was located in the center of the septum, 
2 em. in diameter. Atrio-septo-pexy was performed with invagination of the atrial wall 
to the edges of the defect. There were no anomalous veins. Postoperative course was 
satisfactory, and clinically it was markedly improved. No postoperative cardiac cathe- 
terization was done. 


CasE 9.—J. R., Samaritan Hospital, Sao Paulo, Brazil, a 31-year-old white man, was 
operated on Feb. 13, 1953. He had Lutembacher syndrome. A murmur had been present 
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since childhood; there was no cyanosis, but he had experienced marked and progressive 
physical incapacity and failure for the past two years. Physical examination revealed 
a sharp first sound, a late diastolic murmur, and a presystolic accentuation over the apical 
region. A three plus systolic murmur was present over the entire precordium, There was 
marked cardiac enlargement. Liver was enlarged four fingerbreadths below the costal 
margin, Preoperative cardiac catheterization revealed a left-to-right shunt of 6 L. per 
minute. The chest was entered through the right fourth intercostal space. Great dilata- 
tion of the right auricle. The septal defect, 3 cm. in diameter, was centrally located but 
extended to the atrioventricular valve. The mitral valve was severely stenosed and a 
mitral commissurotomy was performed by digital pressure through the auricular defect 
as the heart was entered through the right auricle. Atrio-septo-pexy was accomplished 
with difficulty because of the extreme depth of the lower edge of the defect. Finally, it 
was accomplished by mattress sutures through the anterior to the posterior atrial wall. 
Postoperatively there was marked clinical improvement. There has been no postoperative 
catheterization as yet. 


CasE 10.—H. N., Edgewater Hospital, Chicago, a white man, aged 39, was operated 
on March 5, 1953. The patient showed progressive inability to carry out his work as a 
welder, but was not totally incapacitated. Preoperative cardiac catheterization revealed 
a left-to-right shunt of 6 L. per minute. At operation it was found that the right inferior 
pulmonary vein entered the right auricle. There was an interatrial septal defect of 1.5 
em. located posteriorly and situated close to the anomalous vein orifice. Atrio-septo-pexy 
was performed and closure of the septal defect accomplished with a diversion of the stream 
of blood from right inferior pulmonary vein through the defect. 


CasE 11.—M. K., Doctors Hospital, a white woman, 24 years old, was operated on 
March 6, 1953. First knowledge of heart disease was three years ago. Gradually increasing 
exertional dyspnea and severe palpitation had occurred during the past two years. Pre- 


operative cardiac catheterization revealed a left-to-right shunt of 13.0 L. per minute. Atrio- 
septo-pexy was performed March 6, 1953. A septal defect approximately 3 cm. in diameter 
was completely closed. The patient had a very smooth postoperative course. Postopera- 
tive cardiac catheterization has not yet been performed. 


CasE 12.—Y. N., Hahnemann Hospital, No. 83452, a 35-year-old white woman, under- 
went operation March 9, 1953. Onset of progressive dyspnea and precordial pain had 
begun at the age of 17 years. Embolization and right hemiplegia occurred in January, 
1958, during cardiac catheterization with recovery. The patient experienced occasional 
cyanosis, especially in the lower extremities. After cardiac catheterization was performed 
and mild hemiparesis resulted, the patient was discharged from the hospital, then re- 
admitted. At the time of operation, no sequelae of the hemiplegia existed. Atrio-septo- 
pexy and reimplantation of superior vena cava into the right auricle were performed. 
The patient went into cardiac arrest and expired during surgery. 


CasE 13.—J. B., Hahnemann Hospital, No. 83639, a 22-year-old white woman, was 
operated on March 16, 1953. The patient was asymptomatic and worked as a graduate nurse 
without difficulty. Preoperative cardiac catheterization revealed a left-to-right shunt at 
the atrial level of 8.7 L. per minute. Diagnosis of the patient’s condition was atrial septal 
defect. Atrio-septo-pexy was performed. The postoperative course was very smooth. No 
postoperative cardiac catheterization has been performed as yet. 


CasE 14.—C. F., Hahnemann Hospital, No. 83640, a white man, 22 years old, underwent 
operation March 19, 1953. Murmur had been present at birth, He was somewhat dyspneic 
upon exertion; slight cyanosis of the lips was observed. Grade 2 blowing systolic murmur 
at the apex, inconsistent at the base, was present. Preoperative cardiac catheterization 
revealed a 4.5 L. per minute shunt, left-to-right. Atrio-septo-pexy was performed. There 
were no anomalous pulmonary veins. Postoperative course has been very satisfactory. 
Postoperative catheterization has not been performed. 
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Case 15.—M. 8., Hahnemann Hospital, No. 70754, a white man, 44 years old, was 
operated on May 22, 1952. Murmur was discovered at age of 12 years. He had been asymp- 
tomatic until he was 36 years old when an enlarged heart was found. Fatigability, grad- 
ually diminishing exercise tolerance with dyspnea, and nocturnal dyspnea were present. 
Repeated hemoptysis was present. The preoperative cardiac catheterization diagnosis was 
Lutembacher syndrome. Atrio-septo-pexy was performed and a persistent ostium primum 
was found. A complete closure was felt to have been obtained. However, there was great 
tension upon the sutures and the suspicion was that these may ultimately tear and repro- 
duce some minor interatrial communication. Good clinical result has been obtained thus 
far. No mitral stenosis found at surgery. 


Case 16.—I. D., Hahnemann Hospital, No. 78294, a white woman, 27 years old, under- 
went operation Nov. 10, 1952. The patient had a history of a murmur present since the age 
of 5 years. She had been asymptomatic until six weeks ago at which time she experienced 
paroxysmal tachycardia, weakness, and near collapse. The patient had experienced mod- 
erate fatigue for one year. Preoperative catheterization revealed atrial septal defect and 
possible ventricular septal defect. Operation took place under hypothermia (72° F.). 
Ventricular fibrillation occurred prior to the entry into the heart; electric shock reverted 
to normal rhythm. Atrial septal defect closed by the closed technique of atrio-septo-pexy. 
However, ventricular fibrillation reoccurred and was again converted to a normal sinus 
rhythm with intermittent cardiac massage and electric shock, Ventricular fibrillation 
recurred again after patient was removed to the recovery room, and the patient expired. 


CasE 17.—M. G., Hahnemann Hospital, No. 79415, an 11-year-old white girl, was 
operated on Dec. 8, 1952. Questionable episode of cardiac failure had occurred at the age 
of 7 years. The patient experienced gradually increasing fatigue and decreased exercise 
tolerance. Cardiac catheterization revealed atrial septal defect, and because of deteriora- 
tion the patient was referred for surgery. Atrio-septo-pexy was performed. A 5 em. inter- 
atrial defect was closed with the exception of a portion about 0.5 ecm. in diameter. Post- 
operative condition seemed fairly satisfactory until the sudden cessation of respirations 
and cardiac arrest approximately twenty-six hours after surgery. No autopsy was obtained. 


CasE 18.—G. H., Hahnemann Hospital, No. 80193, a white, 27-year-old woman, was 
operated on Jan. 5, 1953. She had experienced fatigue, nocturnal dyspnea, and congestive 
failure of five years’ duration. There had been one episode of cyanosis, Severe exertional 
dyspnea, and occasional ankle edema were noted. Blood pressure was 134/106; a gallop 
rhythm was present. Preoperative cardiac catheterization revealed anomalous pulmonary 
venous drainage into the right superior vena cava and the right atrium, ventricular septal 
defect (high), atrial septal defect (?), persistent left superior vena cava, and pulmonary 
vascular changes. Operation consisted of closure of interatrial septal defect and trans- 
position of anomalous pulmonary veins. The patient died a few hours after surgery with 
sudden respiratory distress and cardiac standstill. Cardiac massage failed to reinstitute 
function except for ventricular fibrillation which shortly ceased. 


CasE 19.—M. K., Hahnemann Hospital, No. 82658, a 25-year-old, white man, underwent 
operation Feb. 27, 1953. Cyanotic from birth, the patient experienced gradually increasing 
dyspnea throughout life; he had never been able to engage in sports. Preoperative cardiac 
catheterization revealed a left-to-right shunt at the atrial level of 5.5 L. per minute. A 
diagnosis of atrial septal defect, dynamically significant, and associated anomalous pul- 
monary veins draining into the right auricle was made. Atrio-septo-pexy was performed 
with transposition of the right pulmonary vein into the septal defect, thus transposing the 
drainage into the left auricle. The defect was found to be about 2 inches in diameter and 
appeared to be persistent ostium primum. The postoperative course was rather stormy 
with physical findings compatible with some degree of obstruction of the inferior vena 
cava developing on the eighth postoperative day. 


Case 20.—A. C., Hahnemann Hospital, No. 84126, a white boy, 17 years old, was 
operated on March 24, 1953. Gradually increasing exertional dyspnea and orthopnea had 
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been present for five years. He was unable to attend school because of increasing fatigue. 
Preoperative cardiac catheterization revealed atrial septal defect, with significant left-to- 
right shunt. Atrio-septo-pexy was performed on March 24, 1953. Postoperative condition 
is satisfactory. 

CASE 21.—D. M., a white man, 21 years old, underwent operation on March 26, 1953, at 
Samuel Merritt Hospital, Oakland, Calif. The patient experienced fatigue and dyspnea 
on exertion. He is now a student. Preoperative catheterization revealed a left-to-right 
shunt. Atrio-septo-pexy was performed for a persistent ostium primum. Transient atrial 
flutter developed postoperatively. No postoperative catheterization has been performed 


as yet. Subjectively, the patient is doing well. 


SUMMARY 

1. Atrio-septo-pexy is a relatively simple, straightforward, surgical 
plastic procedure capable of closing nearly all types of atrial septal com- 
munications by bridging the defect with a portion of the invaginated right 
auricular wall. 

2. No significant interference with the flow of vena caval blood need be 
produced. The auriculoventricular valves need not be disturbed. Should it 
ever prove necessary to interrupt completely the superior vena caval flow, 
this ean be tolerated if the azygos vein system is preserved intact. 

3. Associated lesions such as coexisting mitral stenosis or anomalous en- 
trance of the right pulmonary veins into the right atrium and/or superior 
vena cava can and should be readily corrected at the time of closure of the de- 
fect. 

4, Coexisting total transposition of all pulmonary venous return prob- 
ably requires a two-stage surgical procedure for its correction. 

5. Very low defects such as persistent ostium primum may require the 
addition of anterior-posterior approximating atrial mattress sutures, after 
the method of Murray. 

6. Great defects such as single atrium may be improved or corrected by 
a modification of Murray’s technique. 

7. To date the results obtained in correcting defects of the septum se- 
cundum have been reasonably satisfactory. There was operative mortality in 
fourteen cases of 14.3 per cent, complete anatomic correlation proved in four of 
six cases studied by catheterization (66.3 per cent), and clinical improve- 
ment notable in all of the survivors (100 per cent). 

8. In seven eases of persistent ostium primum complete closure of the defect 
was accomplished in four instances. Deaths occurred in three of the seven pa- 
tients (43 per cent) apparently as a result of unrelated factors: hypothermic 
depression of the myocardium, renal shutdown, very poor condition, The 
surgical measure, itself, should not entail a great mortality. 


ADDENDUM 


Since the time of submission of this paper, we have operated two additional ostium 
primums with one death. We have done five additional septum secundums with no fa- 


talities. 





BAILEY ET AL.: ATRIO-SEPTO-PEXY 


REFERENCES 


. Bailey, C. P., Downing, D. F., Geckeler, G. D., Likoff, W., Goldberg, H., Scott, J. C., 
Janton, Ott, and Redondo-Ramirez, H. P.: Congenital Interatrial Communications, 
Ann. Int. Med, 37: 5, 1952. 


2. Lutembacher, R.: Sténose mitrale et communication interauriculaire, Arch. d. mal. du 


coeur 29: 229-236, 1936. 


3. Murray, G.: Closure of Defects in Cardiac Septa, Ann. Surg. 128: 843-853, 1948. 


. Cohn, R.: An Experimental Method for Closure of Interauricular Septal Defects in 
Dogs, Am. Heart J. 33: 453-457, 1947. 

. Swan, H.: Surgical Closure of Interauricular Septal Defects, J. A. M. A. 151: 10, 1953. 
3. Swan, H., Moresh, G., Johnson, M. E., and Warner, G.; The Experimental Creation 
and Closure of Auricular Septal Defects, J. THoRAcIC SurG. 20: 542, 1950. 

. Kiriluk, L. B., Hoag, Elvin W., and Merendino, K, A.: Experimental Interatrial Sep- 
tal Defects: Physiologic Study with Evaluation of Method of Correction. Pre- 
sented at the Clinical Congress A.C.S., 1951. Published Surgical Forum, 1952. 

. Hufnagel, C. A., and Gillespie, J. F.: Closure of Interauricular Septal Defects, Bull. 
Georgetown Univ. M. Center 4: 137-139, 1951. 


9. Gross, R. E., Pomeranz, A. A., Watkins, E., and Goldsmith, E. I.: Surgical Closure of 


Defects of the Interauricular Septum by Use of an Atrial Well, New England J. 
Med. 247: 455, 1952. 

. Gross, R. E., Watkins, E., Pomeranz, A. A., and Goldsmith, E. I.: A Method for Surgi- 
cal Closure of Interauricular Septal Defects, Surg., Gynec. & Obst. 96: 1, 1953. 

. Lewis, F. J., and Taufic, M.: Closure of Atrial Septal Defect With Aid of Hypothermia, 
Surgery 33: 1, 1953. 

. Cookson, B. A., Neptune, W., and Bailey, C. P.: Intracardiae Surgery with Hypo- 
thermia, J. Internat. Coll. Surgeons 18: 5, 1952. 


3. Schumacker, H. B., Jr., and Moore, T. C.: The Experimental Closure of Atrial Septal 


Defects, to be presented at Association of Thoracic Surgery, San Francisco, March 
28, 1953. 

. Shafiroff, B. G. P., Baron, H. C., and Kau, Q. Y.: The Use of Auricular Appendage as 
an Autogenous Myocardial Graft, J. THoRAcIC SurG. 22: 636-645, 1951. 


5. Neptune, W. B., Bailey, C. P., and Goldberg, H.: The Surgical Correction of Atrial 


Septal Defects Associated With Transposition of the Pulmonary Veins. (To be 
published. ) 

3. Muller, W. H.: The Surgical Treatment of Transposition of Pulmonary Veins, Ann. 
Surg. 134: 683-698, 1951. 

. Dodrill, F. D.: A Method for Exposure of the Cardiac Septa, an Experimental Study, 
J. THORACIC SurG. 18: 652-660, 1949. 

. Taussig, H. B.: Congenital Malformations of the Heart, New York, 1947, The Common- 
wealth Fund. 

. Abbott, M. E.: Congenital Heart Disease, Nelson’s Loose Leaf Medicine 4: 361, 1932. 
. Bailey, C. P., Bolton, H. E., and Redondo-Ramirez, H. P.: Surgery of the Mitral Valve, 
S. Clin. North America 32: 6, 1952. 





Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 


The 34th annual meeting of the American Association for Thoracic Surgery will be 
held May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at the 
Sheraton-Mount Royal Hotel. 


Requests for Hotel Reservations 


These should be mailed directly to the Reservation Manager, Sheraton-Mount Royal 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsewhere, 
please communicate directly with hotel of your choice. 


Thoracic Surgical Forum 


After due consideration, the Council has decided to try an experiment by assigning 
one morning session to a “Thoracic Surgical Forum” for the presentation of short papers 
on current thoracic research, anatomy, modified surgical techniques, etc. Papers at this 
session will be limited sharply to ten minutes (including the showing of lantern slides or 
other illustrative material) with three minutes as the maximum discussion of each paper. 

These papers will be published together in one issue of THE JOURNAL OF THORACIC 
Surgery. Maximum length: 3,000 words without illustrations. If illustrated, an appropriate 
number of words must be subtracted for each cut used. 


Abstracts for Papers 


Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered by the Program Committee. 

Abstracts should be labeled ‘‘For Forum’? or ‘‘For Regular Program.’’ 

Five, repeat five, copies of each abstract should be sent to the Secretary of the Asso- 
ciation, Dr. Paul C. Samson, 2938 McClure St., Oakland 9, Calif. They should not be sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con- 
tents of the completed paper. 


Applications for Membership 


Applications for Associate Membership in the Association must be received by the 
Membership Committee not later than Jan. 1, 1954, to be considered for action in Montreal. 
Applications received beyond this deadline will be deferred for consideration until 1955. 

Applicants must be sponsored by three Active or Senior Members of the Association. 
In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to Dr. Lyman H. Brewer, III, Chairman 
of the Membership Committee, 2010 Wilshire Blvd., Los Angeles, Calif. Completed 
application forms should likewise be sent to Dr. Brewer. These regulations are at the 
direction of the Council and were made effective in 1952 at Dallas. 
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